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(57) ABSTRACT

An object 15 to reduce leakage current and parasitic capaci-
tance of a transistor used for an LSI, a CPU, or a memory.
A semiconductor integrated circuit such as an LSI, a CPU,
or a memory 1s manufactured using a thin film transistor 1n
which a channel formation region 1s formed using an oxide
semiconductor which becomes an intrinsic or substantially
intrinsic semiconductor by removing impurities which serve
as electron donors (donors) from the oxide semiconductor
and has larger energy gap than that of a silicon semicon-
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ductor. With use of a thin film transistor using a highly

purified oxide semiconductor layer with su

iciently reduced

hydrogen concentration, a semiconductor device with low
power consumption due to leakage current can be realized.
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 16/121,700, filed Sep. 5, 2018, now allowed, which 1s
a continuation of U.S. application Ser. No. 15/372,493, filed
Dec. 8, 2016, now U.S. Pat. No. 10,074,747, which 1s a
divisional of U.S. application Ser. No. 13/799,246, filed
Mar. 13, 2013, now U.S. Pat. No. 9,666,678, which 1s a
continuation of U.S. application Ser. No. 12/904,563, filed
Oct. 14, 2010, now U.S. Pat. No. 8,421,068, which claims
the benefit of a foreign priority application filed in Japan as

Serial No. 2009-238885 on Oct. 16, 2009, all of which are
incorporated by reference.

TECHNICAL FIELD

The present invention relates to a semiconductor device
including an integrated circuit which includes a thin film
transistor (heremnafter, referred to as a TF'T) and a manufac-
turing method thereof. For example, the present invention
relates to an electronic device on which a semiconductor
integrated circuit 1s mounted as a component.

In this specification, a “semiconductor device” generally
refers to a device which can function by utilizing semicon-
ductor characteristics; an electro-optical device, a semicon-
ductor circuit, an electronic component, and an electronic
device are all included 1n semiconductor devices.

BACKGROUND ART

In recent years, semiconductor devices have been devel-
oped to be used as an LSI, a CPU, or a memory. A CPU 1s
an aggregation of semiconductor elements each provided
with an electrode which 1s a connection terminal, which
includes a semiconductor integrated circuit (including at
least a transistor and a memory) separated from a semicon-
ductor water.

A semiconductor circuit (IC chip) of an LSI, a CPU, or a
memory 1s mounted on a circuit board, for example, a
printed wiring board, to be used as one of components of a
variety of electronic devices.

In addition, a semiconductor device capable of transmit-
ting and receiving data has been developed. Such a semi-
conductor device 1s called a wireless tag, an RFID tag, or the
like. Those put 1nto practical use include a semiconductor
circuit (IC chip) formed using an antenna and a semicon-
ductor substrate in many cases.

A silicon-based semiconductor material has been known
as a semiconductor thin film which can be applied to a thin
film transistor; however, an oxide semiconductor 1s attract-
ing attention as another material. As a material of the oxide
semiconductor, zinc oxide or a material including zinc oxide
as 1ts component 1s known. In addition, a thin film transistor
including an amorphous oxide (oxide semiconductor) whose
electron carrier concentration is lower than 10'®/cm’ is
disclosed (Patent Documents 1 to 3).
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[Patent Document 3] Japanese Published Patent Application
No. 2006-165529

DISCLOSURE OF INVENTION

Power consumption of electronic devices 1 a standby
period 1s regarded as important in addition to power con-
sumption 1n an operating period. Specifically, as for portable
clectronic devices, to which power 1s supplied from battery,
time of use 1s limited due to limited amount of electric
power. Further, as for in-vehicle electronic devices, when
leakage current 1n a standby period 1s large, lifetime of
battery may be reduced. In the case of an electric vehicle,
leakage current of the in-vehicle electronic device shortens
the traveling distance per a certain amount of charging.

In order to reduce power consumption, reducing leakage
current 1n a standby period in addition to power consump-
tion 1n an operating period 1s effective. Although the amount
of leakage current of each transistor 1s not large, several
millions of transistors are provided 1n the LSI, and when the
amount of leakage current of those transistors 1s added up,
the resulting amount 1s by no means small. Such leakage
current causes an increase 1n power consumption of the
semiconductor device 1n a standby period. Although leakage
current 1s caused by various factors, electric power can be
saved 1 a dniver circuit or the like which 1s used 1n
clectronic devices, if leakage current 1n a standby period can
be reduced.

Therefore, an object of the present mnvention 1s to reduce
leakage current of a transistor used for an LSI, a CPU, or a
memory.

Reduction in parasitic capacitance 1s also eflective for
reduction 1n power consumption 1n an operating period;
therefore, another object of the present invention 1s to reduce
power consumption by reducing parasitic capacitance.

In addition, another object of the present invention 1s to
shorten the channel length L of a transistor used 1 a
semiconductor integrated circuit such as an LSI, a CPU, or
a memory, so that operation speed of the circuit 1s increased,
and further, power consumption 1s reduced.

A semiconductor integrated circuit such as an LSI, a CPU,
or a memory 1s manufactured using a thin film transistor 1n
which a channel formation region 1s formed using an oxide
semiconductor which becomes an intrinsic or substantially
intrinsic semiconductor by removing impurities which serve
as electron donors (donors) from the oxide semiconductor
and has larger energy gap than that of a silicon semicon-
ductor.

A highly purified oxide semiconductor layer with suili-
ciently reduced hydrogen concentration, in which impurities
such as hydrogen or OH group contained are removed so
that the hydrogen concentration 1s lower than or equal to
5%x10"/cm’, preferably lower than or equal to 5x10'%/cm”
or, more preferably lower than or equal to 5x10'"/cm’, is
used for a thin film transistor, whereby an off-current of the
thin film transistor 1s reduced. Note that the concentration of
hydrogen in the oxide semiconductor layer 1s measured by
secondary 10n mass spectrometry (SIMS).

It 1s preferable that when the gate voltage Vg 1s positive,
a drain current Id be sufliciently large, and when the gate
voltage Vg 1s less than or equal to zero, the drain current Id
be zero. In a thin film transistor using the highly purified
oxide semiconductor layer with sufliciently reduced hydro-
gen concentration, 1n the case where a drain voltage Vd 1s

+1V or +10V, an off-current value can be smaller than
1x10™'° [A] while the gate voltage Vg is in the range of -5V
to =20V.
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By using the thin film transistor using the highly purified
oxide semiconductor layer with sutliciently reduced hydro-
gen concentration, a semiconductor device whose power
consumption due to leakage current 1s low can be realized.

The thin film transistor using the highly punfied oxide
semiconductor layer with sufliciently reduced hydrogen
concentration can be formed over a glass substrate, and an
LSI, a CPU, or a memory can be formed therecover. By using
a large-area glass substrate, manufacturing cost can be
reduced. Without being limited to a glass substrate, the thin
film transistor using the oxide semiconductor layer with
sufliciently reduced hydrogen concentration can be formed
over a silicon substrate. A silicon substrate with high thermal
conductivity 1s preferably used to dissipate heat from the
semiconductor circuit. Alternatively, the thin film transistor
using the oxide semiconductor layer with sufliciently
reduced hydrogen concentration can be formed over a
flexible substrate, for example, a plastic film, whereby a
flexible wireless tag can be manufactured.

One of the structures of the invention disclosed in this
specification 1s a semiconductor device provided with a
semiconductor itegrated circuit including a plurality of thin
f1lm transistors including; an oxide semiconductor layer over
an insulating surface, whose hydrogen concentration mea-
sured by secondary 1on mass spectrometry 1s lower than or
equal to 5x10'”/cm” and carrier concentration is lower than
or equal to 5x10'*/cm?, a source and drain electrode layers
over the oxide semiconductor layer, a gate insulating layer
over the oxide semiconductor layer and the source and drain
clectrode layers, and a gate electrode layer over the gate
insulating layer.

With the above structure, at least one of the above
problems can be resolved.

In addition, a conductive layer may be formed below the
oxide semiconductor layer. Thus, another structure of the
invention 1s a semiconductor device including a plurality of
thin film transistors including; a conductive layer over an
insulating surface, an msulating layer over the conductive
layer, an oxide semiconductor layer over the insulating
layer, whose hydrogen concentration measured by second-
ary ion mass spectrometry is lower than or equal to 5x10"°/
cm” and carrier concentration is lower than or equal to
5%10™*/cm’, a source and drain electrode layers over the
oxide semiconductor layer, a gate insulating layer over the
oxide semiconductor layer and the source and drain elec-
trode layers, and a gate electrode layer over the gate insu-
lating layer, wherein the conductive layer overlaps with the
oxide semiconductor layer with the mnsulating layer inter-
posed therebetween.

In order to reduce parasitic capacitance, each of the above
structures further include an insulating layer over and 1n
contact with the source and drain electrode layers, so that the
source and drain electrode layers overlap with part of the
gate electrode layer with the gate msulating layer and the
insulating layer iterposed therebetween. By providing the
insulating layer over and 1in contact with the source and drain
clectrode layers, parasitic capacitance between the gate
clectrode layer and the source electrode layer and between
the gate electrode layer and the drain electrode layer can be
reduced.

Further, 1n a wiring intersection portion, in order to reduce
the parasitic capacitance, the gate insulating layer and the
insulating layer are stacked between a gate wiring layer and
a source wiring layer. An increase in the distance between
the gate wiring layer and the source wiring layer can reduce
power consumption due to parasitic capacitance, and can
prevent short circuit between wirings.
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Further, an EDMOS circuit can be formed by combining,
a plurality of thin film transistors using an oxide semicon-

ductor layer with suthciently reduced hydrogen concentra-
tion. Such an EDMOS circuit includes a first thin film
transistor including a first oxide semiconductor layer and a
second thin film transistor including a second oxide semi-
conductor layer over an insulating surface, wherein the
hydrogen concentration of the first oxide semiconductor
layer and the second semiconductor layer measured by
secondary 1on mass spectrometry 1s lower than or equal to
5%x10"”/cm” and the carrier concentration thereof is lower
than or equal to 5x10"*/cm”.

A resistor, a capacitor, an inductor, and the like can be
formed over one substrate by using the oxide semiconductor
layer with sufliciently reduced hydrogen concentration. For
example, the resistor can be formed by sandwiching the
oxide semiconductor layer with sufliciently reduced hydro-
gen concentration between upper and lower electrode layers.
In each of the above structures, an oxide semiconductor
layer which serves as a resistor 1s formed over the same
substrate, between a first conductive layer and a second
conductive layer overlapping with the first conductive layer.

In addition to an LSI, a CPU, or a memory, the thin film
transistor using the oxide semiconductor layer with suili-
ciently reduced hydrogen concentration can be used for a
power supply circuit, a transmitting and receiving circuit, an
amplifier ol an audio processing circuit, a driver circuit of a
display portion, a controller, a converter of an audio pro-
cessing circuit, or the like.

Alternatively, a plurality of semiconductor integrated
circuits can be mounted on one package, which 1s a so-called
MCP (Multi Chip Package), so that the semiconductor
device 1s highly integrated.

In the case where the semiconductor integrated circuit 1s
mounted on a circuit board, the semiconductor integrated
circuit may be mounted 1n a face-up state or a flip-chip state
(face-down state).

A thin film transistor using the oxide semiconductor layer
with sufliciently reduced hydrogen concentration can
extremely reduce leakage current, and a semiconductor
device with low power consumption can be realized by
using the thin film transistor for a semiconductor integrated
circuit.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B are cross-sectional views illustrating
one embodiment of the present invention.

FIG. 2 1s an equivalent circuit diagram illustrating one
embodiment of the present invention.

FIG. 3 1s a cross-sectional view 1llustrating one embodi-
ment of the present invention.

FIGS. 4A and 4B are respectively a cross-sectional view
and a top view 1llustrating one embodiment of the present
ivention.

FIG. 5 1s a block diagram 1illustrating one embodiment of
the present mnvention.

FIG. 6 illustrates a block diagram.

FIGS. 7A and 7B are views each 1llustrating a semicon-
ductor device.

FIGS. 8A to 8C are views illustrating a semiconductor
device.

FIG. 9 1s a view 1llustrating a semiconductor device.

FIGS. 10A to 10C are views 1illustrating a semiconductor
device.

FIGS. 11A and 11B are equivalent circuit diagrams 1llus-
trating one embodiment of the present invention.
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FIG. 12 1s a diagram 1llustrating a band structure between
a source and a drain of a MOS transistor using an oxide
semiconductor.

FIG. 13 1s a diagram 1illustrating a state in which a positive
voltage 1s applied to the drain side in FIG. 12.

FIGS. 14A and 14B are energy band diagrams of a MOS
structure of the MOS transistor using an oxide semiconduc-
tor, 1llustrating a case where a gate voltage 1s set positive and
a case where the gate voltage 1s set negative, respectively.

FIG. 15 1s a comparative diagram illustrating a band
structure between a source and a drain of a silicon MOS
transistor.

FIGS. 16A and 16B are equivalent circuit diagrams 1llus-
trating one embodiment of the present invention.

FIG. 17 1s an equivalent circuit diagram 1illustrating one
embodiment of the present invention.

FIGS. 18A to 18E are views, each 1llustrating an example
ol an electronic device.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Hereinaliter, embodiments of the present invention will be
described 1n detail with reference to the accompanying
drawings. However, the present invention 1s not limited to
the description below, and 1t 1s easily understood by those
skilled 1n the art that modes and details disclosed herein can
be modified in various ways without departing from the
spirit and the scope of the present mnvention. Therefore, the
present invention 1s not construed as being limited to
description of the embodiments.

Embodiment 1

This embodiment describes an example of a cross-sec-
tional structure of a semiconductor integrated circuit.
In this embodiment, one embodiment of a semiconductor

integrated circuit and a manufacturing method thereof 1s
described with reference to FIGS. 1A and 1B, FIG. 2, FIG.

3, and FIGS. 4A and 4B.

An example of a cross-sectional structure of the semicon-
ductor integrated circuit 1s 1llustrated 1n FIGS. 1A and 1B. A
thin film transistor 440 illustrated in FIG. 1B 1s one of
top-gate thin film transistors.

The thin film transistor 440 includes a first insulating
layer 447a, a second insulating layer 443, a third insulating
layer 447b, an oxide semiconductor layer 442, a first source
clectrode layer 44354, a second source electrode layer 448a,
a lirst drain electrode layer 44355, a second drain electrode
layer 448b, a gate insulating layer 444, and a gate electrode
layer 441, over a substrate 430 having an isulating surface.

Part of the oxide semiconductor layer 442 which overlaps
with the gate electrode layer 441 1s a channel formation
region, and a channel length L1 1s determined by the
distance between the lower edge portion of the first source
clectrode layer 4454a and the lower edge portion of the first
drain electrode layer 4455 which are next to each other over
the oxide semiconductor layer 442.

The thin film transistor 440 1s described using a single-
gate thin film transistor; however, a thin film transistor
having a multi-gate structure in which a plurality of channel
formation regions 1s icluded can also be used as needed.

A thin film transistor 470 with reduced parasitic capaci-
tance can be formed over the same substrate and 1n the same
steps as the thin film transistor 440.
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Hereinaftter, steps for manufacturing the thin film transis-
tors 440 and 470 over the substrate 430 will be described
below with reference to FIG. 1A.

Although there 1s no particular limitation on a substrate
which can be used as the substrate 430 having an 1nsulating
surface, the substrate needs to have at least heat resistance
high enough to withstand heat treatment to be performed
later. As the substrate 430 having an insulating surface, a
glass substrate formed of bartum borosilicate glass, alu-
mino-borosilicate glass, or the like can be used.

In the case where a glass substrate 1s used and the
temperature at which the heat treatment 1s to be performed
later 1s high, a glass substrate whose strain point 1s greater
than or equal to 730° C. 1s preferably used. As a glass
substrate, a glass material such as aluminosilicate glass,
aluminoborosilicate glass, or bartum borosilicate glass 1s
used, for example. Note that by contaiming a larger amount
of barium oxide (BaO) than that of boric oxide (B,O,), a
glass substrate 1s heat-resistant and of more practical use.
Therefore, a glass substrate containing a larger amount of
BaO than that of B,O, 1s preferably used.

Note that mstead of the above glass substrate, a substrate
formed of an 1nsulator such as a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used. Alternatively,
a crystallized glass substrate or the like may be used.
Alternatively, a semiconductor substrate including an insu-
lating layer on 1ts surface, a plastic substrate, or the like can
be used as appropriate.

First, after a conductive film 1s formed over the substrate
430 having an insulating surface, electrode layers 479a,
4795 and 479c¢ are formed by a first photolithography step.
The electrode layers 479a, 4796 and 479¢ can be formed
using an element selected from Al, Cr, Cu, Ta, T1, Mo, and
W, an alloy containing any of these elements, an alloy film
containing a combination of any of these elements, or the
like. In this embodiment, the electrode layers 479a, 4795
and 479¢ have a stacked layer structure of a tungsten nitride
layer and a tungsten layer.

Next, the first insulating layer 447a 1s formed to cover the
clectrode layers 479a, 4796 and 479c¢. The first insulating
layer 447a can be formed using a single-layer or stacked
layers of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, and/or a silicon nitride oxide layer by a
plasma CVD method, a sputtering method, or the like.

Next, a spacer insulating layer 1s formed over the first
isulating layer 447a, and 1s selectively removed then by a
second photolithography step to form the second insulating
layer 443. The spacer imsulating layer 1s formed using a
single layer or stacked layers of a silicon oxide layer, a
silicon nitride layer, a silicon oxynitride layer, and/or a
silicon nitride oxide layer by a plasma CVD method, a
sputtering method, or the like. The thickness of the spacer
insulating layer 1s 500 nm to 2 um, inclusive. In the same
step, a fifth insulating layer 473 functioning as a spacer
insulating layer 1s formed so as to overlap with the electrode
layer 479¢. In this manner, a stacked layer region with large
thickness and a single layer region with small thickness are
formed. In order to reduce parasitic capacitance, the fourth
isulating layer functioning as a spacer msulating layer and
the first insulating layer are stacked 1n the region with large
thickness, and in order to form a storage capacitor and the
like, the first insulating layer 1s provided 1n the region with
small thickness.

Next, the third msulating layer 4475 1s formed to cover
the first mnsulating layer 447a, the second insulating layer
443, and the fifth insulating layer 473. The third insulating
layer 44756 which 1s 1n contact with the oxide semiconductor
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layer 1s preferably formed using an oxide msulating layer
such as a silicon oxide layer, a silicon oxynitride layer, an
aluminum oxide layer, or an aluminum oxynitride layer. As
a method for forming the third insulating layer 4475b, a
plasma CVD method, a sputtering method, or the like can be
used; however, it 1s preferable that the third msulating layer
4477b be formed by a sputtering method, so that the third
insulating layer 4475 dost not contain a large amount of
hydrogen.

In this embodiment, a silicon oxide layer 1s formed as the
third insulating layer 447b by a sputtering method. The
substrate 430 1s transferred to a treatment chamber, a sput-
tering gas including highly purified oxygen from which
hydrogen and moisture are removed 1s introduced thereinto,
and a silicon oxide layer 1s formed over the substrate 430 as
the third insulating layer 4475 using a silicon target. The
temperature of the substrate 430 may be room temperature,
or the substrate 430 may be heated.

For example, a silicon oxide layer 1s formed by an RF
sputtering method using quartz (preferably, synthetic quartz)
in an atmosphere containing oxygen and argon (the flow rate
of oxygen 1s 25 sccm, and the tlow rate of argon 1s 25 sccm),
under conditions where a substrate temperature 1s 108° C.,
the distance between the substrate and the target (1-S
distance) 1s 60 mm, the pressure 1s 0.4 Pa, and a high-
frequency power source 1s 1.5 kW. The thickness of the layer
1s 100 nm. Note that instead of quartz (preferably, synthetic
quartz), a silicon target can be used as a target for deposition
of the silicon oxide layer. As the sputtering gas, oxygen or
a mixed gas of oxygen and argon 1s used.

In this case, 1t 1s preferable that the third insulating layer
447b be formed while moisture remaining in the treatment
chamber 1s removed. This 1s so that the third insulating layer
447b does not contain hydrogen, hydroxyl, or moisture.

In order to remove moisture remaining in the treatment
chamber, an adsorption type vacuum pump 1s preferably
used. For example, a cryopump, an ion pump, or a titantum
sublimation pump 1s preferably used. As an evacuation unit,
a turbo pump provided with a cold trap may be used. In a
treatment chamber which 1s evacuated using a cryopump,
for example, hydrogen atoms, compounds including hydro-
gen atoms such as water (H,O), or the like are exhausted;
thus, the concentration of impurities contained in the third
insulating layer 4475 which 1s deposited in the treatment
chamber can be reduced.

Examples of a sputtering method include an RF sputtering
method 1n which a high-frequency power source 1s used for
a sputtering power supply, a DC sputtering method 1n which
a DC power source 1s used, and a pulsed DC sputtering
method 1n which a bias 1s applied 1n a pulsed manner. An RF
sputtering method 1s mainly used in the case where an
insulating film 1s formed, and a DC sputtering method 1s
mainly used 1n the case where a metal film 1s formed.

In addition, there 1s also a multi-source sputtering appa-
ratus 1n which a plurality of targets of different materials can
be set. With the multi-source sputtering apparatus, films of
different materials can be formed to be stacked 1n the same
chamber, or a film of plural kinds of materials can be formed
by electric discharge at the same time 1n the same chamber.

In addition, there are a sputtering apparatus provided with
a magnet system 1nside the chamber and used for a magne-
tron sputtering, and a sputtering apparatus used for an ECR
sputtering in which plasma generated with the use of micro-
waves 1s used without using glow discharge.

Furthermore, as a deposition method using sputtering,
there are also a reactive sputtering method in which a target
substance and a sputtering gas component are chemically
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reacted with each other during deposition to form a thin
compound film thereof, and a bias sputtering 1n which a
voltage 1s also applied to a substrate during deposition.

The third 1nsulating layer 4475 can also have a stacked
layer structure. For example, a nitride isulating layer such
as a silicon nitride layer, a silicon nitride oxide layer, or an
aluminum mitride layer, and the above-described oxide 1nsu-
lating layer may be stacked 1n this order from the substrate
430 side.

For example, a sputtering gas including high-purified
nitrogen from which hydrogen and moisture are removed 1s
introduced between the silicon oxide layer and the substrate
to form a silicon mitride layer using a silicon target. In this
case, 1t 1s preferable that the silicon nitride layer be formed
while moisture remaimning in the treatment chamber 1s
removed, 1n a manner similar to that of the silicon oxide
layer.

Also 1n the case of forming the silicon mitride layer, the
substrate may be heated at the time of deposition.

In the case where the silicon nitride layer and the silicon
oxide layer are stacked as the third insulating layer 4475, the
silicon nitride layer and the silicon oxide layer can be
formed 1n one treatment chamber using the same silicon
target. First, a sputtering gas including nitrogen 1s intro-
duced into the treatment chamber, and the silicon nitride
layer 1s formed using a silicon target provided in the
treatment chamber. Then, the sputtering gas 1s switched to a
sputtering gas including oxygen, and the silicon oxide layer
1s formed using the same silicon target. The silicon nitride
layer and the silicon oxide layer can be formed 1n succession
without being exposed to air, thereby preventing impurities
such as hydrogen or moisture from being adsorbed onto a
surface of the silicon nitride layer.

Then, an oxide semiconductor film 1s formed to a thick-
ness ol greater than or equal to 2 nm and less than or equal
to 200 nm over the third mnsulating layer 4475.

In addition, 1n order that hydrogen, hydroxyl, and mois-
ture are contained as little as possible 1 the oxide semicon-
ductor film, it 1s preferable that the substrate 430 over which
the third 1nsulating layer 4475 1s formed be preheated 1n a
preheating chamber of the sputtering apparatus, so that
impurities such as hydrogen or moisture absorbed onto the
substrate 430 are discharged and exhausted, as a pretreat-
ment before deposition. Note that as an evacuation, a
cryopump 1s preferably provided in the preheating chamber.
Note also that this preheating treatment can be omitted in
SOme cases.

Note that before the oxide semiconductor film 1s formed
by a sputtering method, dust on a surface of the third
insulating layer 4475 1s preferably removed by reverse
sputtering 1n which an argon gas 1s mtroduced and plasma 1s
generated. The reverse sputtering 1s a method 1 which
voltage 1s applied to a substrate side without applying
voltage to a target side, using a high-frequency power source
to generate plasma 1n the vicinity of the substrate side 1n an
argon atmosphere, so that a surface 1s modified. Note that
instead of an argon atmosphere, a nitrogen atmosphere, a
helium atmosphere, an oxygen atmosphere, or the like may
be used.

The oxide semiconductor film 1s formed by a sputtering
method. Any of the following 1s used as the oxide semicon-
ductor film: an In—Ga—~Z7n—0-based oxide semiconductor
film, an In—Sn—~7/n—O-based oxide semiconductor film,
an In—Al—/n—0O-based oxide semiconductor film, a Sn—
Ga—7/n—O0O-based oxide semiconductor film, an Al-—Ga—
/n—0-based oxide semiconductor film, a Sn—Al—7n—
O-based oxide semiconductor film, an In—7n—0O-based
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oxide semiconductor film, a Sn—7n—0-based oxide semi-
conductor film, an Al-—7Zn—O0O-based oxide semiconductor
film, an In—O-based oxide semiconductor film, a Sh—O-
based oxide semiconductor film, and a Zn—O-based oxide
semiconductor film. In this embodiment, the oxide semicon-
ductor film 1s formed by a sputtering method with the use of
a target for formation of an In—Ga—Z7n—0-based oxide
semiconductor film. The oxide semiconductor film can be
formed by a sputtering method in a rare gas (typically,
argon) atmosphere, an oxygen atmosphere, or a mixed
atmosphere including a rare gas (typically, argon) and oxy-
gen. In the case of using a sputtering method, a target
including S10, at 2 wt % to 10 wt % inclusive may be used
for deposition.

As a target for forming the oxide semiconductor film by
a sputtering method, a target of metal oxide which contains
zinc oxide as 1ts main component can be used. As another
example of a target of metal oxide, an oxide semiconductor
target for film formation including In, Ga, and Zn (compo-
sition ratio 1s In,05:Ga,0,:Zn0O=1:1:1 [molar ratio]) can be
used. As an oxide semiconductor target for film formation
including In, Ga, and Zn, a target having a composition ratio
of In,0,:Ga,0,:Zn0O=1:1:2 [molar ratio], or In,O,:Ga,0;:
/n0O=1:1:4 [molar ratio] can also be used. The filling rate of
the oxide semiconductor target for film formation 1s 90% to
100% 1nclusive, preferably, 95% to 99.9% inclusive. By
using an oxide semiconductor target for film formation with
high filling rate, the deposited oxide semiconductor film
becomes a dense film.

The oxide semiconductor film 1s formed 1n the following
manner: the substrate 1s held 1n the treatment chamber which
1s kept 1n a reduced pressure state, a sputtering gas from
which hydrogen and moisture are removed 1s introduced 1nto
the treatment chamber while removing moisture remaining,
therein, and the oxide semiconductor film 1s formed over the
substrate 430 using metal oxide as a target. In order to
remove moisture remaining in the treatment chamber, an
adsorption type vacuum pump 1s preferably used. For
example, a cryopump, an 10n pump, or a titanium sublima-
tion pump 1s preferably used. As an evacuation unit, a turbo
pump provided with a cold trap may be used. In a treatment
chamber which 1s evacuated using a cryopump, for example,
hydrogen atoms, compounds including hydrogen atoms such
as water (H,O) (more preferably, compounds including
carbon atoms as well), or the like are exhausted; therefore,
the concentration of impurities contained 1n the oxide semi-
conductor film which 1s deposited in the treatment chamber
can be reduced. The substrate may be heated when the oxide
semiconductor film 1s formed.

As one example of deposition conditions, conditions
where a substrate temperature i1s room temperature, the
distance between the substrate and the target 1s 60 mm, the
pressure 1s 0.4 Pa, and a direct-current (DC) power source 1s
0.5 kW, and the atmosphere 1s an atmosphere of oxygen and
argon (the flow rate of oxygen 1s 15 sccm, and the flow rate
of argon 1s 30 sccm), are applied. It 1s preferable that a
pulsed direct-current (DC) power supply be used because
powder substances (also referred to as particles or dust) can
be reduced and the film thickness can be umiform. The
thickness of the oxide semiconductor film 1s preferably 5 nm
to 30 nm, inclusive. Note that the appropriate thickness
varies depending on the oxide semiconductor material used
for the oxide semiconductor film, and can be selected as
appropriate according to the material.

Next, the oxide semiconductor film i1s processed into
1sland-shaped oxide semiconductor layers 442 and 472 1n a
third photolithography step (see FIG. 1A). Further, a resist
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mask for forming the island-shaped oxide semiconductor
layers 442 and 472 may be formed using an ink jet method.
Formation of the resist mask by an inkjet method needs no
photomask; thus, manufacturing cost can be reduced.

Note that etching of the oxide semiconductor film here
can be dry etching, wet etching, or both of dry etching and
wet etching.

As the etching gas for dry etching, a gas containing
chlorine (chlorine-based gas such as chlorine (Cl,), boron
chloride (BCl,), silicon chlonide (SiCl,), or carbon tetra-
chloride (CCl,)) 1s preferably used.

Alternatively, a gas containing fluorine (fluorine-based
gas such as carbon tetratluoride (CF ), sulfur fluoride (SF ),
nitrogen fluoride (NF,), or trifluoromethane (CHF,)); hydro-
gen bromide (HBr); oxygen (O,); any of these gases to
which a rare gas such as helium (He) or argon (Ar) 1s added;
or the like can be used.

As the dry etching method, a parallel plate RIE (reactive
ion etching) method or an ICP (inductively coupled plasma)
ctching method can be used. In order to etch the films into
desired shapes, the etching condition (the amount of electric
power applied to a coil-shaped electrode, the amount of
clectric power applied to an electrode on a substrate side, the
temperature of the electrode on the substrate side, or the
like) 1s adjusted as appropriate.

As an etchant used for wet etching, a mixed solution of
phosphoric acid, acetic acid, and nitric acid, an ammonia
peroxide mixture (31 wt % of hydrogen peroxide solution:

28 wt % of ammoma water:water=>5:2:2), or the like can be
used. In addition, ITOO7N (produced by KANTO CHEMI-

CAL CO., INC.) may also be used.

The etchant after the wet etching 1s removed together with
the etched materials by cleaming. The waste liquid including
the etchant and the material etched off may be punified and
the material may be reused. When a matenal such as indium
included 1n the oxide semiconductor layer 1s collected from
the waste liquid after the etching and reused, the resources
can be efliciently used and the cost can be reduced.

The etching conditions (such as an etchant, etching time,
and temperature) are approprately adjusted depending on
the material so that the material can be etched 1nto a desired
shape.

In this embodiment, the oxide semiconductor film 1s
processed 1nto 1sland-shaped oxide semiconductor layers
442 and 472, by a wet etching method using a mixed
solution of phosphoric acid, acetic acid, and nitric acid as an
etchant.

In this embodiment, a first heat treatment 1s performed on
the oxide semiconductor layers 442 and 472. A temperature
of the first heat treatment 1s 400° C. to 750° C. inclusive,
preferably higher than or equal to 400° C. and lower than the
strain point of the substrate. In this embodiment, the sub-
strate 1s introduced into an electric furnace, which 1s one of
heat treatment apparatuses, and heat treatment 1s performed
at 450° C. on the oxide semiconductor layers for an hour 1n
a nitrogen atmosphere. Then, the oxide semiconductor lay-
ers are not exposed to air, which prevents reincorporation of
water and hydrogen into the oxide semiconductor layers, so
that the oxide semiconductor layers are obtained. By this
first heat treatment, dehydration or dehydrogenation can be
performed on the oxide semiconductor layers 442 and 472.

However, the apparatus for the first heat treatment 1s not
limited to the electric furnace and may be provided with a
device for heating an object to be processed using heat
conduction or heat radiation from a heating element such as
a resistance heating element. For example, an RTA (rapid
thermal anneal) apparatus such as a GRTA (gas rapid ther-
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mal anneal) apparatus, or an LRTA (lamp rapid thermal
anneal) apparatus can be used. An LRTA apparatus 1s an
apparatus for heating an object to be processed by radiation
of light (an electromagnetic wave) emitted from a lamp such
as a halogen lamp, a metal halide lamp, a xenon arc lamp,
a carbon arc lamp, a high pressure sodium lamp, or a high
pressure mercury lamp. A GRTA apparatus 1s an apparatus
with which heat treatment 1s performed using a high-
temperature gas. As the gas, an inert gas which does not
react with a process object by heat treatment, such as
nitrogen or a rare gas such as argon 1s used.

For example, as the first heat treatment, GRTA can be
performed, 1n which the substrate 1s transferred and put 1n an
inert gas heated to a high temperature of 650° C. to 700° C.
to be heated for several minutes, and then, the substrate 1s
transferred and taken out of the iert gas heated to a high
temperature. By using GRTA, high-temperature heat treat-
ment 1n a short time 1s possible.

Note that in the first heat treatment, 1t 1s preferable that
water, hydrogen, and the like be not contamned in the
atmosphere ol nitrogen or a rare gas such as helium, neon,
or argon. It 1s preferable that the purity of nitrogen or the rare
gas such as helium, neon, or argon which 1s mtroduced into
a heat treatment apparatus be set to be 6N (99.9999%) or
higher, preferably 7N (99.99999%) or higher (that is, the
impurity concentration 1s 1 ppm or lower, preferably 0.1
ppm or lower).

Further, the oxide semiconductor layer may be crystal-
lized to be a microcrystalline film or a polycrystalline film
depending on a condition of the first heat treatment or a
material of the oxide semiconductor layer. For instance, the
oxide semiconductor layer may be crystallized to be a
microcrystalline semiconductor film having a degree of
crystallization of 90% or more, or 80% or more. Further,
depending on the condition of the first heat treatment and the
material of the oxide semiconductor layer, the oxide semi-
conductor layer may be an amorphous oxide semiconductor
film containing no crystalline component. The oxide semi-
conductor layer may be an oxide semiconductor film 1n
which microcrystalline portions (each crystal grain having a
diameter of 1 nm to 20 nm inclusive (typically, 2 nm to 4 nm
inclusive)) are included in an amorphous oxide semicon-
ductor 1n some cases.

The first heat treatment for the oxide semiconductor layer
can be performed before the oxide semiconductor film 1s
processed into the 1sland-shaped oxide semiconductor lay-
ers. In that case, the substrate 1s taken out from the heat
apparatus aiter the first heat treatment, and then a photoli-
thography step 1s performed.

The heat treatment having an effect of dehydration or
dehydrogenation of the oxide semiconductor layers may be
performed at any of the following timings: after the oxide
semiconductor layers are formed; after a source electrode
and a drain electrode are formed over the oxide semicon-
ductor layer; and after a gate msulating layer 1s formed over
the source electrode and the drain electrode.

However, when a highly purified oxide semiconductor
layer can be obtained by sufliciently reducing hydrogen or
moisture at the time of deposition, the first heat treatment 1s
not necessarily performed. In the case where a highly
purified oxide semiconductor layer i1s obtained by sufli-
ciently reducing hydrogen or moisture at the time of depo-
sition, the substrate 1s held 1n a treatment chamber kept 1n a
reduced pressure state and the substrate i1s heated to a
temperature of higher than or equal to room temperature and
lower than 400° C. Then, a sputtering gas from which
hydrogen and moisture are removed 1s mtroduced while
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moisture remaining in the treatment chamber 1s removed,
and an oxide semiconductor layer 1s formed over the sub-
strate using metal oxide as a target. In a treatment chamber
which 1s evacuated using a cryopump, for example, hydro-
gen atoms, compounds including hydrogen atoms such as
water (H,O) (more preferably, compounds including carbon
atoms 1n addition), or the like are exhausted; therefore, the
concentration of impurities contained 1n the oxide semicon-
ductor layer deposited in the treatment chamber can be
reduced. By performing deposition by sputtering while
removing moisture remaining in the treatment chamber
using a cryopump, a substrate temperature when the oxide
semiconductor layer 1s formed can be higher than or equal
to room temperature and lower than 400° C.

Next, a resist mask 1s formed over the third insulating
layer 447b by a fourth photolithography step, and selective
etching 1s performed so as to form an opening which reaches
the electrode layer 479a.

A conductive film 1s formed over the third imnsulating layer
44°7H and the oxide semiconductor layers 442 and 472. The
conductive film may be formed by a sputtering method or a
vacuum evaporation method. As a material of the conductive
film, an element selected from Al, Cr, Cu, Ta, T1, Mo, and W;
an alloy containing any of these elements as a component;
an alloy film containing any of these elements 1n combina-
tion; and the like can be given. Alternatively, one or more
materials selected from manganese, magnesium, zirconium,
beryllium, and thortum can be used. Further, the metal
conductive film may have a single-layer structure or a
stacked-layer structure of two or more layers. For example,
a single-layer structure of an aluminum film including
silicon, a two-layer structure i which a titanium {film 1s
stacked over an aluminum film, a three-layer structure in
which a titanium film, an aluminum film, and a titanium film
are stacked 1n this order, and the like can be given. Alter-
natively, a film, an alloy film, or a nitride film of a combi-
nation ol Al and one or plurality of elements selected from
the followings may be used: titammum (T1), tantalum (Ta),
tungsten (W), molybdenum (Mo), chromium (Cr), neo-
dymium (Nd), and scandium (Sc). In this embodiment, a
stacked film of a titanium film (with a thickness of 10 nm to

100 nm inclusive) and an aluminum film (with a thickness
of 20 nm to 500 nm 1inclusive) 1s formed as the conductive
f1lm.

Next, an msulating film with a thickness of 200 nm to
2000 nm 1nclusive 1s formed over the conductive film by a
plasma CVD method, a sputtering method, or the like, using
a single layer or stacked layers of a silicon oxide layer, a
silicon nitride layer, a silicon oxynitride layer, and/or a
silicon nitride oxide layer.

A resist mask 1s formed over the insulating film by a fifth
photolithography step, selective etching 1s performed to
form the fourth insulating layer 446, the first source elec-
trode layer 4454, the second source electrode layer 448a, the
first drain electrode layer 4455, and the second drain elec-
trode layer 4485, and then the resist mask 1s removed. The
fourth insulating layer 446 1s provided in order to reduce
parasitic capacitance between the gate electrode layer
formed later and the source and drain electrode layers. Note
that 1t 1s preferable that the end portions of the source
clectrode layers and the drain electrode layers be a tapered
shape because coverage of the gate insulating layer stacked
thereover 1s improved.

Note that when the conductive film 1s etched, each mate-
rial and etching conditions are adjusted as appropriate so
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that the oxide semiconductor layers 442 and 472 are not
removed so as to expose the third insulating layer 4475
thereunder.

In this embodiment, a 11 film 1s used as the first source
clectrode layer 445a and the first drain electrode layer 4455,
an aluminum film 1s used as the second source electrode
layer 448a and the second drain electrode layer 44856, an
In—Ga—7n—0-based oxide 1s used as the oxide semicon-
ductor layer 442, and an ammoma hydrogen peroxide mix-
ture (a mixed solution of ammoma water, water, and a
hydrogen peroxide solution) i1s used as the etchant.

Note that 1n the fifth photolithography step, only part of
the oxide semiconductor layer 442 may be etched so that an
oxide semiconductor layer having a groove (a depression
portion) 1s formed 1n some cases. The resist mask for
forming the first source electrode layer 445a and the first
drain electrode layer 445h may be formed by an ink jet
method. Formation of the resist mask by an inkjet method
needs no photomask; thus, manufacturing cost can be
reduced.

In light exposure for formation of the resist mask 1n the
fifth photolithography step, ultraviolet light, KrF laser light,
or ArF laser light 1s used. A channel length .1 of the thin
f1lm transistor 440 formed later 1s determined by the distance
between the lower edge portion of the source electrode layer
and the lower edge portion of the drain electrode layer which
are next to each other over the oxide semiconductor layer
442. In the case of performing light exposure by which the
channel length L1 1s shorter than 25 nm, light exposure for
forming the resist mask in the fifth photolithography step 1s
performed using extreme ultraviolet light with extremely
short wavelength of several nanometers to several tens of
nanometers. In light exposure using extreme ultraviolet,
resolution 1s high and depth of focus 1s large. Therefore, the
channel length L1 of the thin film transistor 440 formed later
can be 10 nm to 1000 nm inclusive, operation speed of the
circuit can be increased, and power consumption can be
reduced because an off-current value 1s extremely small.

Next, the gate insulating layer 444 1s formed over the
fourth insulating layer 446, the oxide semiconductor layers
442 and 472, the first source electrode layer 4454, the second
source electrode layer 448a, the first drain electrode layer
445b, and the second drain electrode layer 448b.

The gate insulating layer 444 can be formed to have a
single-layer structure or a stacked-layer structure of a silicon
oxide layer, a silicon nitride layer, a silicon oxynitride layer,
a silicon nitride oxide layer, or an aluminum oxide layer by
a plasma CVD method, a sputtering method, or the like.
Note that the gate insulating layer 444 1s preferably formed
by a sputtering method so that the gate insulating layer 444
does not contain a large amount of hydrogen. In the case
where a silicon oxide film 1s formed by a sputtering method,
a silicon target or a quartz target 1s used as a target, and an
oxygen gas or a mixed gas of oxygen and argon 1s used as
a sputtering gas.

The gate insulating layer 444 can have a structure in
which a silicon oxide layer and a silicon nitride layer are
stacked 1n this order from the side of the second source
clectrode layer 448a and the second drain electrode layer
448b. For example, a silicon oxide layer (S10_ (x>0)) with
a thickness of 5 nm to 300 nm inclusive 1s formed as the first
gate insulating layer, a silicon nitride layer (S10,, (y>0)) with
a thickness of 50 nm to 200 nm inclusive 1s stacked as the
second gate insulating layer over the first gate insulating
layer by a sputtering method, to form a gate insulating layer
with a thickness of 100 nm. In this embodiment, a silicon
oxide layer with a thickness of 100 nm 1s formed by an RF
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sputtering method 1n an atmosphere containing oxygen and
argon (the tlow rate of oxygen 1s 25 sccm, and the tlow rate
of argon 1s 25 sccm), under conditions where the pressure 1s
0.4 Pa, and a high-frequency power source 1s 1.5 kW.

Next, a resist mask 1s formed by a sixth photolithography
step, selective etching 1s performed so as to remove part of
the gate insulating layer 444 and the fourth isulating layer
446, and an opening 1s formed to reach the source electrode
layer or the drain electrode layer of the thin film transistor
470.

Then, a conductive film 1s formed over the gate insulating
layer 444 and the opening, and gate electrode layers 441 and
471 and wiring layers 474a and 474b are formed by a
seventh photolithography step. Note that a resist mask may
be formed by an inkjet method. Formation of the resist mask
by an inkjet method needs no photomask; thus, manufac-
turing cost can be reduced.

The gate electrode layers 441 and 471 and the wiring
layers 474a and 474b can be formed to have a single-layer
or stacked-layer structure using a metal material such as
molybdenum, titanium, chromium, tantalum, tungsten, alu-
minum, copper, neodymium, or scandium, or an alloy mate-
rial which contains any of these materials as 1ts main
component.

For example, as a two-layer structure of the gate electrode

layers 441 and 471 and the wiring layers 474a and 4745, the

following structures are preferable: a two-layer structure of
an aluminum layer and a molybdenum layer stacked there-
over, a two-layer structure of a copper layer and a molyb-
denum layer stacked thereover, a two-layer structure of a
copper layer and a titanium nitride layer or a tantalum nitride
layer stacked thereover, and a two-layer structure of a
titanium nitride layer and a molybdenum layer. As a three-
layer structure, a stack of a tungsten layer or a tungsten
nitride layer, a layer of an alloy of aluminum and silicon or
an alloy of aluminum and titamium, and a titanium nitride
layer or a titantum layer 1s preferable. Note that a gate
clectrode layer can be formed using a conductive film
having a light-transmitting property. As an example of a
conductive film having a light-transmitting property, a trans-

parent conductive oxide or the like can be given.

In this embodiment, a tungsten film with a thickness of
150 nm 1s formed as the gate mnsulating layers 441 and 471
and the wiring layers 474a and 474b.

Next, a second heat treatment (preferably at a temperature
ol 200° C. to 400° C. inclusive, for example, 250° C. to 300°
C. inclusive) 1s performed 1n an inert gas atmosphere or an
oxygen gas atmosphere. In this embodiment, the second heat
treatment 1s performed at 250° C. 1n a nitrogen atmosphere
for one hour. The second heat treatment may be performed
alter a protective isulating layer or a planarizing insulating
layer 1s formed over the thin film transistors 440 and 470.

Further, heat treatment may be performed at 100° C. to
200° C. 1inclusive for one hour to 30 hours inclusive in an air
atmosphere. This heat treatment may be performed at a fixed
heating temperature. Alternatively, the following change in
the heating temperature may be conducted plural times
repeatedly: the heating temperature 1s increased from a room
temperature to a temperature of 100° C. to 200° C. inclusive
and then decreased to a room temperature. Further, this heat
treatment may be performed before formation of the 1nsu-
lating layer under a reduced pressure. Under the reduced
pressure, the heat treatment time can be shortened.

Through the above steps, the thin film transistors 440 and
470 respectively including the oxide semiconductor layers
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442 and 472 with a reduced concentration of hydrogen,
moisture, hydride, and hydroxide can be formed (see FIG.
1B).

The thin film transistor 470 1n which parasitic capacitance
between the electrode layer 479¢ and a fourth drain elec-
trode layer 4785 1s reduced by the fifth isulating layer 473
includes a third source electrode layer 475a, a fourth source
clectrode layer 478a, a third drain electrode layer 4755, and
the fourth drain electrode layer 478b. Note that the electrode
layer 479¢ overlapping with the fifth msulating layer 473 1s
a gate signal line, and describes a structure of a wiring
intersection with the fourth drain electrode layer 4785. The
third source electrode layer 4735a 1s electrically connected to
the electrode layer 479a. The fourth source electrode layer
478a 1s electrically connected to a wiring layver 474a. The
thin film transistor 470 1s a thin film transistor which has a
channel length .2 longer than the channel length L1 of the
thin film transistor 440 and a small ofi-current value.

In addition, a protective insulating layer or a planarizing,
insulating layer for planarization may be formed over the
thin film transistors 440 and 470. For example, a protective
msulating layer can be formed to have a single-layer or
stacked-layer structure of a silicon oxide layer, a silicon
nitride layer, a silicon oxynitride layer, a silicon nitride oxide
layer, or an aluminum oxide layer.

The planarizing insulating layer can be formed using an
organic material having heat resistance, such as polyimide,
acrylic, benzocyclobutene, polyamide, or epoxy. Other than
such organic materials, 1t 1s also possible to use a low-
dielectric constant material (a low-k material), a siloxane-
based resin, PSG (phosphosilicate glass), BPSG (borophos-
phosilicate glass), or the like. The plananzing insulating
layer may be formed by stacking a plurality of insulating
films formed using these matenals.

Note that the siloxane-based resin corresponds to a resin
including a S1—0O—=S1 bond formed using a siloxane-based
material as a starting material. The siloxane-based resin may
include as a substituent an organic group (e.g., an alkyl
group or an aryl group) or a fluoro group. In addition, the
organic group may include a fluoro group.

There 1s no particular limitation on the method for form-
ing the plananzing insulating layer. The planarizing insu-
lating layer can be formed, depending on the material, by a
method such as a sputtering method, an SOG method, a spin

coating method, a dipping method, a spray coating method,

or a droplet discharge method (e.g., an inkjet method, screen
printing, or oflset printing), or a tool such as a doctor knife,
a roll coater, a curtain coater, or a knife coater, or the like.

The electrode layer 4795 provided below the oxide semi-
conductor layer 472 of the thin film transistor 470 can
function as a back gate. A potential of the back gate can be
a fixed potential, e.g., OV, or a ground potential, and may be
determined as appropriate by a practitioner. In addition, by
providing the gate electrodes above and below the oxide
semiconductor layer, 1n a bias-temperature stress test (here-
inafter, referred to as a BT test) for examiming reliability of
the thin film transistor, the amount of shift in threshold
voltage of the thin film transistor between before and after
the BT test can be reduced. That 1s, provision of the gate
clectrodes above and below the oxide semiconductor layer
can 1mprove the reliability.

Further, by controlling gate voltage applied to the elec-
trode layer 479b, threshold voltage can be determined.
Alternatively, when the threshold voltage 1s set positive, the
thin film transistor can function as an enhancement type
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transistor. Further alternatively, when the threshold voltage
1s set negative, the thin film transistor can function as a

depletion type transistor.

For example, an inverter circuit including a combination
of the enhancement type transistor and the depletion type
transistor (heremafter, such a circuit i1s referred to as an
EDMOS circuit) can be used for a driver circuit. The driver
circuit includes at least a logic circuit portion, and a switch
portion or a bufler portion. The logic circuit portion has a
circuit structure including the above EDMOS circuit. Fur-
ther, a thin film transistor by which large on-state current can
flow 1s preferably used for the switch portion or the bufler
portion. A depletion type transistor or a thin film transistor
including gate electrodes above and below an oxide semi-
conductor layer 1s used.

Thin film transistors having different structures can be
formed over one substrate without greatly increasing the
number of steps. For example, an EDMOS circuit using the
thin film transistor including gate electrodes above and
below the oxide semiconductor layer may be formed in an
integrated circuit for high-speed driving, and a thin film
transistor including a gate electrode above an oxide semi-
conductor layer can be formed 1n other regions.

Note that an n-channel TFT whose threshold voltage 1s
positive 1s referred to as an enhancement type transistor, and
an n-channel TFT whose threshold voltage 1s negative 1s
referred to as a depletion type transistor, throughout this
specification.

In the thin film transistor 470 and the thin film transistor
440, when a silicon nitride film 1s used for both the gate
insulating layer 444 and the first insulating layer 447a, the
oxide semiconductor layers 442 and 472 can be sandwiched
between silicon nitride films, and the entry of hydrogen or
moisture can be eflectively blocked. With such a structure,
the concentration of water or hydrogen included 1n the oxide
semiconductor layers 442 and 472 can be reduced to the
utmost, and reentry of water or hydrogen can be prevented.

Embodiment 2

In Embodiment 1, the thin film transistor 470 including a
wiring intersection and the thin film transistor 440 including
the gate electrode layer 441 only above the oxide semicon-
ductor layer 442 1s described. Hereinafter, an example of
forming an mverter circuit of an integrated circuit using two
n-channel thin film transistors will be described. Note that
since the manufacturing process of the thin film transistor 1s
almost the same as that in Embodiment 1, only different
points are described 1n detail.

An mtegrated circuit 1s formed using an 1nverter circuit,
a capacitor, a resistor, and the like; therefore, a process of
forming a capacitor and two kinds of resistors over one
substrate 1n addition to the mverter circuit 1s also described.

When the inverter circuit 1s formed using two n-channel
TFTs 1n combination, there are two kinds of inverter circuits:
an inverter circuit having a combination of an enhancement
type transistor and a depletion type transistor (referred to as
an EDMOS circuit) and an inverter circuit having a combi-
nation of two enhancement type TFTs (hereinatter, referred
to as an EEMOS circuit).

In this embodiment, an example of an EDMOS circuit 1s
described. Further, an equivalent circuit of the EDMOS
circuit 1s 1llustrated in FIG. 2. A cross-sectional structure of
the iverter circuit 1s 1llustrated 1n FIG. 3.

The circuit connection illustrated in FIG. 3 corresponds to
that 1llustrated 1n FIG. 2. An example in which the first thin
film transistor 480 1s an enhancement type n-channel tran-
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sistor and the second thin film transistor 490 1s a depletion
type n-channel transistor 1s illustrated.

In FIG. 3, electrode layers 479d, 479¢, 479f, 479¢, and
4791 are provided over a substrate 430. The electrode layers
479d, 479¢, 4797, 479¢g, and 479/ can be formed by the same

step and using the same maternial as the electrode layers
479a, 4796, and 479¢ 1n E

Embodiment 1.

A voltage 1s applied to the electrode layer 4794 and the
thin film transistor 480 functions as an enhancement type
transistor whose threshold voltage 1s set positive. A voltage
1s also applied to the electrode layer 479¢ and the thin film
transistor 490 functions as a depletion type transistor whose
threshold voltage 1s set negative.

The electrode layer 4791 1s one electrode which forms the
capacitor. The electrode layer 479g 1s one electrode con-
nected to a first resistor. The electrode layer 47972 1s one
clectrode connected to a second resistor.

A first mnsulating layer 487a and a third insulating layer
487b are formed so as to cover the electrode layers 4794,
479¢, 479f, 4792, and 479/. Note that although not 1llus-
trated, 1n a region where parasitic capacitance 1s to be
reduced, a second insulating layer serving as a spacer
insulating layer i1s provided as described in Embodiment 1.
In the capacitor portion, the first nsulating layer 487a
overlapping with the electrode layer 479/ and the third
insulating layer 4875 overlapping with the electrode layer
4'79f each become a dielectric.

In this embodiment, unlike in Embodiment 1, the second
oxide semiconductor layer 4825 has a thickness larger than
that of the first oxide semiconductor layer 482a. Deposition
and patterning are each performed twice to make the second
oxide semiconductor layer 48256 thick. With such a large
thickness, the thin film transistor 490 can function as a
depletion type transistor. Since a voltage by which the
threshold voltage 1s set negative need not necessarily be
applied to the electrode layer 479¢, the electrode layer 479¢
can be omitted.

A third oxide semiconductor layer 4325 formed to have
the same thickness as that of the first oxide semiconductor
layer 482a functions as a first resistor. An opening 1s formed
in the first insulating layer 4874 and the third insulating layer
487bH which overlap with the electrode layer 479/, and the
third oxide semiconductor layer 4325 and the electrode layer
479h are electrically connected to each other through the
opening. A fourth oxide semiconductor layer 432a formed to
have the same thickness as that of the second oxide semi-
conductor layer 4826 functions as a second resistor, whose
resistance value 1s different from that of the first resistor. An
opening 1s formed in the first insulating layer 487a and the
third insulating layer 4875 which overlap with the electrode
layer 479¢g, and the fourth oxide semiconductor layer 432a
and the electrode layer 479¢ are electrically connected to
cach other through the opening.

The thin film transistor 480 includes a first gate electrode
layer 481 and the oxide semiconductor layer 482a overlap-
ping with the first gate electrode layer 481 with a gate
insulating layer 492 interposed therebetween. A first source
clectrode layer 485b which 1s 1n contact with part of the
oxide semiconductor layer 482a electrically connects to a
first wiring 484b. The first wiring 4845 1s a power supply
line to which a negative voltage VDL 1s applied (a negative
power supply line). This power supply line may be a power
supply line with a ground potential (a ground potential
power supply line).

The first source electrode layer 4855 1s formed using the
same material as that of the first source electrode layer 445a
in Embodiment 1, and the second source electrode layer
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4880 which 1s formed over and in contact with the first
source clectrode layer 4856 1s formed using the same
material as that of the second source electrode layer 4484 1n
Embodiment 1. In Embodiment 1, an example 1in which the
isulating layer 1s formed and then patterned using the same
mask as that of the insulating film 1s described; however, in
this embodiment, the insulating film 1s formed 1n a step after
the conductive layer 1s patterned. Subsequently, the msulat-
ing film 1s selectively removed to form an insulating layer
486, the conductive layer 1s selectively etched using the
insulating layer 486 as a mask, and the first source electrode
layer 4855b, the second source electrode layer 488b, a first
drain electrode layer 4835a, and a second drain electrode
layer 488a are formed. The msulating layer 486 1s provided
to reduce parasitic capacitance between a second gate elec-
trode layer 491 and a fourth drain electrode layer 4985
which are formed later.

In the capacitor portion, a first capacitor electrode layer
433 15 formed 1n the same step and using the same material
as the first source electrode layer 485b, and a second
capacitor electrode layer 434 1s formed 1n the same step and
using the same material as the second source electrode layer
488b. The first capacitor electrode layer 433 and the second
capacitor electrode layer 434 overlap with the electrode
layer 479f.

A first electrode layer 477 1s formed over and 1n contact
with the third oxide semiconductor layer 4325 which 1s the
first resistor, in the same step and using the same material as
the first source electrode layer 485b. A second electrode
layer 438 1s formed over the first electrode layer 477 1n the
same step and using the same material as the second source
clectrode layer 488b.

The second thin film transistor 490 includes the second
gate electrode layer 491 functioning as a second wiring and
the second oxide semiconductor layer 4825 which overlaps
with the second gate electrode layer 491 with the gate
insulating layer 492 interposed therebetween. A third wiring
484a 1s a power supply line (a positive power supply line)
to which a positive voltage VDH 1s applied.

The second thin film transistor 490 further includes a third
source electrode layer 495a which 1s partly in contact with
and overlapped with the second oxide semiconductor layer
482H and a fourth source electrode layer 498a. The second
thin film transistor 490 includes a third drain electrode layer
495b which 1s partly in contact with and overlapped with the
second oxide semiconductor layer 48256 and the fourth drain
clectrode layer 4985. Note that the third source electrode
layer 495q and the third drain electrode layer 4936 are
formed 1n the same step and using the same material as the
first source electrode layer 48355. The fourth source electrode
layer 498a and the fourth drain electrode layer 4986 are
formed 1n the same step and using the same material as the
second source electrode layer 488b.

An opening 1s formed in the msulating layer 486 to reach
the second drain electrode layer 488a. The second drain
clectrode layer 488a electrically connects to the second gate
clectrode layer 491 functioning as a second wiring, whereby
the first thin film transistor 480 and the second thin film
transistor 490 are connected to form an EDMOS circuat.

A Tourth wiring 431 which connects to the second capaci-
tor electrode layer 434 through an opening i1n the gate
insulating layer 492 1n a region overlapping with the elec-
trode layer 479/, functions as a capacitor wiring.

A fifth wiring 435 1s 1n contact with the fourth oxide
semiconductor layer 432a which functions as the second
resistor, through an opening in the gate insulating layer 492
in a region overlapping with the electrode layer 479¢.
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In this embodiment, an example i which an EDMOS
circuit, a capacitor portion, a first resistor, and a second

resistor are formed over one substrate 1s described; however,
the thin film transistor in Embodiment 1 can also be formed
over the same substrate, without particular limitation.

In this embodiment, a cross-sectional structure of a ter-
minal portion of a wiring which can be formed over the same
substrate 1s illustrated 1n FIGS. 4A and 4B. FIG. 4A 15 a
cross-sectional view taken along line C1-C2 of FIG. 4B.

In FIG. 4A, a conductive layer 437 formed over a stack of
the nsulating layer 486 and the gate insulating layer 492 1s
a terminal electrode for connection which functions as an
input terminal. In FIG. 4A, an electrode layer 479; which 1s
formed of the same material as that of the electrode layers
479d, 479¢, 4791, 479, and 479/ 1s provided below and
overlaps with a first terminal electrode layer 439 which 1is
clectrically connected to the first source electrode layer
485b, with the first insulating layer 487q and the third
insulating layer 4875 interposed therebetween. The elec-
trode layer 479i 1s not electrically connected to the first
terminal electrode layer 439, and a capacitor as a counter-
measure against noise or static electricity can be formed by
setting the potential of the electrode layer 479i so as to be
different from that of the first terminal electrode layer 439,
for example, floating, GND, 0 V, or the like. The first
terminal electrode layer 439, over which a second terminal
clectrode layer 489 1s provided, 1s electrically connected to
the conductive layer 437 with the insulating layer 486 and
the gate mnsulating layer 492 interposed therebetween.

The first terminal electrode layer 439 can be formed using
the same material and 1n the same step as the first source
clectrode layer 485b. The second terminal electrode layer
489 can be formed using the same material and in the same
step as the second source electrode layer 4885. The conduc-
tive layer 437 can be formed using the same material and in
the same step as the first gate electrode layer 481.

This embodiment can be freely combined with Embodi-
ment 1.

Embodiment 3

In this embodiment, an example of manufacturing a CPU
(central processing unit) using the EDMOS circuit described
in Embodiment 2 will be described.

An example of a block diagram of a CPU 1s illustrated 1n
FIG. 5. A CPU 1001 illustrated in FIG. 5 includes a timing
control circuit 1002, an mstruction decoder 1003, a register
array 1004, an address logic and bufler circuit 10035, a data
bus interface 1006, an ALU 1007, an instruction register
1008, and the like.

These circuits are manufactured using the thin film tran-
sistor, the inverter circuit, the resistor, the capacitor, and the
like described in Embodiment 1 or Embodiment 2. The thin
film transistors described in Embodiment 1 or Embodiment
2 each use an oxide semiconductor layer with sufliciently
reduced hydrogen concentration, whereby the off-current of
the thin film transistor can be extremely small. By using a
thin film transistor including an oxide semiconductor layer
with sufliciently reduced hydrogen concentration for at least
part of the CPU 1001, power consumption can be reduced.

Now, each circuit will be briefly described. The timing
control circuit 1002 receives an instruction from the exter-
nal, converts the instruction into information for the internal,
and sends the information to other blocks. In addition, the
timing control circuit gives directions such as reading and
writing of memory data to the external, according to internal
operation. The instruction decoder 1003 serves to convert

10

15

20

25

30

35

40

45

50

55

60

65

20

instruction from the external into information for the inter-
nal. The register array 1004 1s a volatile memory {for

temporarily storing data. The address logic and bufler circuit
1005 15 a circuit for specitying the address of an external
memory. The data bus interface 1006 1s a circuit for taking
data 1n and out of an external memory or a device such as
a printer. The ALU 1007 1s a circuit for performing an
operation. The instruction register 1008 1s a circuit for
temporarily storing an instruction. The CPU 1includes com-
bination of such circuits.

By using any of the thin film transistors described in
Embodiments 1 and 2 for at least part of the CPU 1001,
leakage current 1n a standby period 1s reduced; thus, power
consumption of the driver circuit or the like used 1n elec-
tronic devices can be reduced.

This embodiment can be freely combined with any of
Embodiments 1 and 2.

Embodiment 4

In this embodiment, an example of a usage mode of the
semiconductor device described 1n the above embodiments
will be described. Specifically, an application example of a
semiconductor device that can input and output data without
contact 1s described below with reference to drawings. The
semiconductor device capable of wirelessly transmitting and
receiving data 1s also called an RFID tag, an ID tag, an IC
tag, an RF tag, a wireless tag, an electronic tag, or a wireless
chip depending on the application.

One example of a top structure of a semiconductor device
described in this embodiment 1s described with reference to
FIG. 8A. The semiconductor device illustrated in FIG. 8A
includes a semiconductor integrated circuit chip 400 having
an antenna (also referred to as an on-chip antenna) and a
supporting substrate 406 having an antenna 405 (also
referred to as a booster antenna). The semiconductor inte-
grated circuit chip 400 1s provided over an msulating layer
410 (FIG. 8C) that 1s formed over the supporting substrate
406 and the antenna 405. The semiconductor integrated
circuit chip 400 can be fixed to the supporting substrate 406
and the antenna 405 by using the insulating layer 410.

Note that a conductive shield 1s provided on a surface of
the semiconductor integrated circuit chip 400 to prevent
clectrostatic breakdown of the semiconductor integrated
circuit (e.g., malfunction of the circuit and damage to a
semiconductor element) due to electrostatic discharge.
When the conductive shield has high resistance and current
cannot pass through the pattern of the antenna 405, the
antenna 405 and the conductive shield provided on the
surface of the semiconductor mtegrated circuit chip 400 may
be provided 1n contact with each other.

As for a semiconductor integrated circuit provided in the
semiconductor integrated circuit chip 400, elements such as
a plurality of thin film transistors for constituting a memory
portion or a logic portion are provided. As a thin film
transistor for constituting a memory portion or a logic
portion, a thin film transistor using a highly purified oxide
semiconductor layer with sufliciently reduced hydrogen
concentration 1s used. As a semiconductor element m a
semiconductor device according to this embodiment, not
only a field-eflect transistor but also a memory eclement
which uses a semiconductor layer can be employed; accord-
ingly, a semiconductor device which can meet functions
required for various applications can be manufactured and
provided.

FIG. 7A 1s an enlarged view of the antenna and the
semiconductor integrated circuit that are included in the
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semiconductor integrated circuit chip 400 1llustrated in FIG.
8A. In FIG. 7A, the antenna 101 i1s a rectangular loop
antenna 1n which the number of windings 1s 1; however, an
embodiment of the present mvention 1s not limited to this
structure. The shape of the loop antenna 1s not limited to a
rectangle and may be a shape with curve, for example, a
circle. In addition, the number of windings 1s not limited to
1 and may be plural. However, when the number of wind-
ings of the antenna 101 1s 1, parasitic capacitance generated
between the semiconductor integrated circuit 100 and the
antenna 101 can be reduced.

In FIG. 8A and FIG. 7A, the antenna 101 1s arranged so

as to surround the periphery of the semiconductor integrated
circuit 100, and the antenna 101 i1s arranged in a region
different from a region of the semiconductor integrated
circuit 100, except portions corresponding to power feeding
points 408 indicated by a dashed line. However, this
embodiment 1s not limited to this structure. As 1llustrated 1n
FIG. 7B, the antenna 101 may be arranged so as to at least
partly overlap with the semiconductor integrated circuit 100
in addition to the portions corresponding to the power
teeding points 408 1indicated by the dashed line. Note that 1n
the case where the antenna 101 1s arranged in a region
different from a region of the semiconductor circuit 100 as
illustrated 1n FIG. 8A and FIG. 7A, parasitic capacitance
generated between the semiconductor integrated circuit 100
and the antenna 101 can be reduced.

In FIG. 8A, the antenna 405 can transmit and receive
signals or supply power to/from the antenna 101 by elec-
tromagnetic induction mainly 1n a loop-like shaped portion
surrounded by a dashed line 407. In addition, the antenna
405 can send and receive a signal to/from an interrogator or
supply power by using a radio wave mainly 1n a region other
than a portion surrounded by the dashed line 407. A radio
wave used as a carrier (a carrier wave) between the inter-
rogator and the semiconductor device preferably has a
frequency of about 30 MHz to 5 GHz, and for example, may
have a frequency band of 950 MHz or 2.45 GHz.

The antenna 405 1s a rectangular loop antenna 1n which
the number of windings 1s 1 in the portion surrounded by the

dashed line 407; however, an embodiment of the present
invention 1s not limited to this structure. The shape of the
loop antenna 1s not limited to a rectangle and may be a shape
with curve, for example, a circle. In addition, the number of
windings 1s not limited to 1 and may be plural.

For the semiconductor device described i this embodi-
ment, an electromagnetic mnduction method, an electromag-
netic coupling method, or a microwave method can be
employed. In the case of a microwave method, the shapes of
the antenna 101 and the antenna 4035 may be determined as
appropriate depending on the wavelength of an electromag-
netic wave.

If a microwave method (e.g., UHF band (860 MHz band
to 960 MHz band), or 2.45 GHz band) 1s used as the signal
transmission method 1n the semiconductor device, the
length, shape, or the like of the antenna may be determined
as appropriate 1 consideration of the wavelength of an
clectromagnetic wave used for signal transmission. For
example, each of the antennas can be formed into a linear
shape (e.g., a dipole antenna) or a flat shape (e.g., a patch
antenna or an antenna having a ribbon shape). Further, each
of the antennas 1s not limited to a linear shape and may have
a curved shape, a serpentine curved shape, or 1n a shape
combining them 1n consideration of the wavelength of the
clectromagnetic wave.
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An example 1n which the antenna 101 and the antenna 405
have coil shapes and an electromagnetic induction method
or an electromagnetic coupling method 1s used 1s 1llustrated
in FIG. 9.

In FIG. 9, the semiconductor integrated circuit chip 400
having the coiled antenna 101 1s formed over the supporting
substrate 406 provided with the coiled antenna 405 as a
booster antenna. Note that the supporting substrate 406 1s
sandwiched between the antenna 405 which 1s a booster
antenna, and a capacitor 1s formed.

Next, the structures and arrangements of the semiconduc-
tor integrated circuit chip 400 and the booster antenna wall
be described. FIG. 8B 1s a perspective view of the semicon-
ductor device 1llustrated 1n FIG. 8 A, 1n which the semicon-
ductor integrated circuit chip 400 and the antenna 405
formed over the supporting substrate 406 are stacked. In
addition, FIG. 8C 1s a cross-sectional view along a dashed
line X-Y of FIG. 8B.

As the semiconductor integrated circuit chup 400 1llus-
trated 1 FIG. 8C, any of the semiconductor devices
described in Embodiment 1 or Embodiment 2 can be used,
and here, a chip obtained by cutting the semiconductor
integrated circuit into individual chips 1s referred to as a
semiconductor integrated circuit chip. Note that, although
the semiconductor integrated circuit chip illustrated in FIG.
8C 1s an example of using Embodiment 1, this embodiment
1s not limited to this structure and can be applied to another
embodiment.

The semiconductor integrated circuit 100 illustrated 1n
FIG. 8C 1s sandwiched between a first insulator 112 and a
second 1nsulator 102, and the side surface is also sealed. In
this embodiment, the first insulator and the second insulator
between which a plurality of semiconductor integrated cir-
cuits 1s sandwiched are attached, and then the semiconductor
integrated circuits are individually divided into stacks. A
conductive shield 1s formed each for the divided stacks, and
the semiconductor integrated circuit chips 400 are formed.
There 1s no particular limitation on a separation means as
long as physical separation 1s possible, and separation 1s
performed by laser beam 1rradiation 1n this embodiment.

In FIG. 8C, the semiconductor mtegrated circuit 100 1s
closer to the antenna 405 than the antenna 101; however an
embodiment of the present mmvention 1s not limited to this
structure. The antenna 101 may be closer to the antenna 405
than the semiconductor integrated circuit 100. The semicon-
ductor integrated circuit 100 and the antenna 101 may be
directly attached to the first insulator 112 and the second
insulator 102, or may be attached by a bonding layer
functioning as an adhesive.

Next, operation of the semiconductor device of this
embodiment will be described. FIG. 6 1s a block diagram
illustrating an example of a structure of a semiconductor
device of this embodiment. A semiconductor device 420
illustrated 1n FIG. 6 includes an antenna 422 as a booster
antenna, a semiconductor integrated circuit 423, and an
antenna 424 as an on-chip antenna. When an electromag-
netic wave 1s transmitted from an interrogator 421, the
antenna 422 receives the electromagnetic wave to generate
alternate current, whereby a magnetic field 1s generated
around the antenna 422. Then, a loop portion of the antenna
422 1s electromagnetically coupled to the loop antenna 424,
so that induced electromotive force i1s generated in the
antenna 424. The semiconductor integrated circuit 423
receives a signal or power from the interrogator 421 by using
the induced electromotive force. On the other hand, current
flows 1nto the antenna 424 and induced electromotive force
1s generated in the antenna 422 1n accordance with a signal
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generated 1 the semiconductor integrated circuit 423,
whereby a signal can be sent to the interrogator 421 using a
reflected wave of the radio wave that 1s sent from the
interrogator 421.

Note that the antenna 422 can be divided between the loop
portion that 1s mainly electromagnetically coupled to the
antenna 424 and a portion that mainly receives electromag-
netic waves from the interrogator 421. The shape of the
antenna 422 in the portion 1n which an electric wave from
the interrogator 421 1s mainly received may be a shape in
which an electric wave can be recerved. For example, the
shape of a dipole antenna, a folded dipole antenna, a slot
antenna, a meander line antenna, a microstrip antenna, or the
like may be used.

Although FIGS. 8A to 8C illustrate the structure of the
semiconductor integrated circuit having only one antenna,
this embodiment of the disclosed invention 1s not limited to
this structure. A semiconductor device may include two
antennas, that 1s, an antenna for receiving power and an
antenna for recerving a signal. With the two antennas,
frequency of a radio wave for supplying power and fre-
quency of a radio wave for transmitting a signal can be
separately used.

In a semiconductor device of this embodiment, the on-
chip antenna 1s used and a signal or power can be sent and
received between the booster antenna and the on-chip
antenna without contact; therefore, unlike the case where a
semiconductor mtegrated circuit 1s connected to an external
antenna, the semiconductor integrated circuit and the
antenna are less likely to be disconnected due to external
force, and generation of mnitial failure in the connection can
also be suppressed. In addition, the booster antenna 1s used
in this embodiment. Accordingly, unlike the case where only
the on-chip antenna 1s used, the advantage of an external
antenna can also be offered: that 1s, the area of the semi-
conductor mtegrated circuit does not significantly limait the
s1ze or shape of the on-chip antenna, the frequency band of
radio waves capable of being received 1s not restricted, and
the communication distance can be increased.

The semiconductor integrated circuit can be directly
formed over a flexible substrate. Alternatively, the semicon-
ductor integrated circuit may be transferred from a forma-
tion substrate (for example, a glass substrate) to another
substrate (for example, a plastic substrate).

There 1s no particular limitation on the method of trans-
ferring the semiconductor integrated circuit from the forma-
tion substrate to another substrate, and a variety of methods
can be used. For example, a separation layer may be formed
between the formation substrate and the semiconductor
integrated circuit.

For example, in the case where a metal oxide film 1s
formed as the separation layer, the metal oxide film 1s
weakened by crystallization, and an element layer including,
the semiconductor integrated circuit, which 1s a layer to be
separated, can be separated from the formation substrate.
After the metal oxide film 1s weakened by crystallization,
part of the separation layer may be removed by etching with
use of a halogen fluoride gas such as NF,, BrF;, or CIF;, and
then separation may be performed 1n the weakened metal
oxide film.

In addition, when a substrate having a light-transmitting,
property 1s used as the formation substrate and a film
contaiming nitrogen, oxygen, hydrogen or the like (e.g., an
amorphous silicon film contaiming hydrogen, an alloy film
containing hydrogen, an alloy film containing oxygen or the
like) 1s used as the separation layer, the separation layer 1s
irradiated with laser light through the formation substrate,
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and nitrogen, oxygen, or hydrogen contained 1n the separa-
tion layer 1s evaporated so that separation can occur between

the formation substrate and the separation layer.

Alternatively, the layer to be separated may be separated
from the formation substrate by removing the separation
layer by etching.

Alternatively, a method of removing the formation sub-
strate by mechanical grinding or a method of removing the
formation substrate by etching using a halogen tluoride gas
such as NF,, BrF,, CIF; or the like or HF, or the like can be
employed. In this case, the separation layer can be omitted.

Alternatively, laser irradiation, etching using a gas, a
solution, or the like, or a sharp knife or a scalpel, can be used
s0 as to form a groove to expose the separation layer. The
groove can trigger separation of the layer to be separated
from the formation substrate from the separation layer.

For example, as a separation method, mechanical force (a
separation process with a human hand or with a gripper, a
separation process by rotation of a roller, or the like) may be
used. Alternatively, the layer to be separated may be sepa-
rated from the separation layer 1n such a manner that a liquad
1s dropped 1nto the groove to allow the liquid to be infiltrated
into the interface between the separation layer and the layer
to be separated. Alternatively, a method can be employed 1n
which a fluoride gas such as NF,, BrF;, or CIF; 1s introduced
into the groove, and the separation layer 1s removed by
ctching with the use of the fluoride gas so that the layer to
be separated 1s separated from the formation substrate. The
separation may be performed while pouring a liqud such as
water.

As another separation method, 1f the separation layer 1s
formed using tungsten, separation can be conducted while
the separation layer 1s being etched by a mixed solution of
ammonia water and hydrogen peroxide water.

A thin film transistor using a highly purified oxide semi-
conductor layer with sufliciently reduced hydrogen concen-
tration has a small ofl

-current, and can realize low power
consumption. By the conductive shield covering the semi-
conductor integrated circuit, electrostatic breakdown of the
semiconductor mtegrated circuit (malfunction of the circuit
or damage of the semiconductor element) due to electro-
static discharge can be prevented. Furthermore, by using the
pair of insulators holding the semiconductor integrated
circuit therebetween, a resistant and highly-reliable semi-
conductor device having a reduced thickness and size can be
provided.

Embodiment 5

This embodiment will describe examples of the applica-
tion of a semiconductor device capable of wireless data
communication, which includes the above-described non-
volatile semiconductor memory device formed using the
device in Embodiment. 4. According to 1ts mode of use, a
semiconductor device capable of mputting and outputting,
data contactlessly may also be referred to as an RFID tag, an
ID tag, an IC tag, an IC chip, an RF tag, a wireless tag, an
clectronic tag, or a wireless chip.

A semiconductor device 800 has a function of commu-
nicating data without contact, and includes a high-frequency
circuit 810, a power supply circuit 820, a reset circuit 830,
a clock generating circuit 840, a data demodulating circuit
850, a data modulating circuit 860, a control circuit 870
which controls another circuit, a memory circuit 880, and an
antenna 890 (see FIG. 10A). The high-frequency circuit 810
receives a signal from the antenna 890 and outputs a signal
received from the data demodulating circuit 860 through the
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antenna 890. The power supply circuit 820 generates a
power supply potential from the receirved signal. The reset
circuit 830 generates a reset signal. The clock generating
circuit 840 generates various clock signals based on the
signal mput from the antenna 890. The data demodulating
circuit 850 demodulates the received signal and outputs the
signal to the control circuit 870. The data modulating circuit
860 modulates a signal received from the control circuit 870.
Further, as the control circuit 870, a code extracting circuit
910, a code determining circuit 920, a CRC determining
circuit 930, and an output unit circuit 940 are provided, for
example. The control circuit 870 includes, for example, a
code extracting circuit 910, a code determining circuit 920,
a CRC determining circuit 930, and an output unit circuit
940. The code determining circuit 920 compares the
extracted code with a reference code to determine the
content of the mstruction. The CRC determining circuit 930
detects a transmission error and the like based on the
determined code.

Next, an example of an operation of the above-mentioned
semiconductor device will be described. First, a radio signal
1s received by the antenna 890. The radio signal 1s trans-
mitted to the power supply circuit 820 via the high frequency
circuit 810, thereby generating a high power supply poten-
tial (hereinafter referred to as a VDD). The VDD 1s supplied
to each circuit of the semiconductor device 800. A signal
transmitted to the data demodulating circuit 850 via the high
frequency circuit 810 1s demodulated (hereinafter referred to
as a demodulated signal). Further, a signal and a demodu-
lated signal passing through the reset circuit 830 and the
clock generating circuit 840 via the high frequency circuit
810 are transmitted to the control circuit 870. The signals
transmitted to the control circuit 870 are analyzed by the
code extracting circuit 910, the code determining circuit
920, the CRC determining circuit 930, and the like. Then,
based on the analyzed signals, information in the semicon-
ductor device stored 1n the memory circuit 880 1s output. The
output data of the semiconductor device 800 1s encoded via
the output unit circuit 940. In addition, the encoded data of
the semiconductor device 800 passes through the data modu-
lating circuit 860 to be transmitted as a radio signal via the
antenna 890. Note that a low power supply potential (here-
inafter referred to as VSS) 1s common in the plurality of
circuits included 1n the semiconductor device 800, and GND
can be used as VSS.

In this manner, the data of the semiconductor device 800
can be read by transmitting a signal from a communication
device to the semiconductor device 800 and recerving a
signal from the semiconductor device 800 by the commu-
nication device.

Moreover, 1n the semiconductor device 800, power supply
voltage may be supplied to each circuit by electromagnetic
waves without mounting a power source (battery), or a
power source (battery) may be mounted so that power
supply voltage 1s supplied to each circuit by both electro-
magnetic waves and the power source (battery).

Next, an example of a mode of use of a semiconductor
device capable of inputting and outputting data contactlessly
will be described. A communication device 3200 1s provided
for a side surface of a mobile terminal which includes a
display portion 3210. A semiconductor device 3230 1s pro-
vided for a side surface of an article 3220 (FIG. 10B). When
the communication device 3200 1s put close to the semicon-
ductor device 3230 on the article 3220, information on the
article 3220, such as the raw material or the source of the
product, mspection result 1n each production step, history of
the distribution process, and explanation of the article 1s
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displayed on the display portion 3210. When a product 3260
1s transierred by a conveyer belt, the product 3260 can be
ispected using a commumnication device 3240 and a semi-
conductor device 3250 provided on the product 3260 (FIG.
10C).

When the semiconductor device 1s used 1n a system 1n this
manner, information can be obtained easily, and higher
performance and higher added value are achieved.

As described above, a semiconductor device of the pres-

ent 1nvention, which has a very wide range of application,
can be used 1n electronic devices 1n all kinds of fields.

Embodiment 6

The thin film transistors obtained in Embodiment 1 or
Embodiment 2 are thin film transistors each using a highly
purified oxide semiconductor. By forming a circuit using the
thin film transistors, low power consumption can be realized
and operation of a memory circuit can be stabilized.

In this embodiment, an example of a memory circuit
which can be formed using the thun film transistor in
Embodiment 1 1s described.

FIG. 11 A illustrates an equivalent circuit diagram of an
example of a memory circuit. The memory circuit 1llustrated
in FIG. 11A includes a row decoder, a writing circuit and a
refresh circuit, a column decoder, and memory elements
1100 arranged in matrix. A signal line connected to the
memory elements 1100 arranged 1in matrix 1s connected to
the row decoder through the writing circuit and the refresh
circuit, and a scan line connected to the memory elements
1100 arranged 1n matrix 1s connected to the column decoder.
A bit s1ignal 1s input to the row decoder. A read enable signal
and a write enable signal (RE/WE), a data signal (data), and
an output signal (OUT) are mput to the writing circuit and
the refresh circuit.

Each of the memory elements 1100 includes a capacitor
clement and a thin film transistor. One of a source and a
drain of the thin film transistor 1s connected to the signal
line, and the other of the source and the drain of the thin film
transistor 1s connected to one electrode of the capacitor
clement, and the other electrode of the capacitor element 1s
connected to the low potential side (preferably, a reference
potential Vss).

FIG. 11B 1illustrates a specific structural example of the
refresh circuit provided 1n the writing circuit and the refresh
circuit 1llustrated 1n FIG. 11A.

The wnting circuit and the refresh circuit illustrated 1n
FIG. 11B include an AND circuit and a sense amplifier. To
one input of each of a first AND circuit 1101, a second AND
circuit 1102, and a third AND circuit 1103, a signal 1s mnput
from the row decoder. A PRC signal 1s mput to the other
input of the first AND circuit 1101, the write enable signal
(WE) 1s 1mput to the other input of the second AND circuit
1102, and the read enable signal (RE) 1s input to the other
input of the third AND circuit 1103. The output of the first
AND circuit 1101 controls on/off of a first switch 1104, the
output of the second AND circuit 1102 controls on/off of a
second switch 1105, and the output of the third AND circuit
1103 controls on/ofl of a third switch 1106. A pre-charge
signal line Vprc 1s connected to the signal line through the
first switch 1104, and a data signal line data 1s connected to
the signal line through the second switch 1105.

The signal line connected though the first switch 1104 and
the second switch 1105 are connected to the sense amplifier
through the third switch 1106. A signal 1s output to the output
signal line (OUT) from the sense amplifier.
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Note that the above AND circuit may have a general
structure, and preferably has a simple structure.

A sense amplifier 1s a circuit having a function of ampli-
fying input signals.

Note that as a signal here, an analog signal or a digital
signal which uses voltage, current, resistance, frequency, or
the like can be used, for example. For example, at least two
potentials, that 1s, a first potential and a second potential are
set, a high-level (also referred to as high potential or V)
potential 1s used as the first potential, and a low-level (also
referred to as low potential or V,) potential 1s used as the
second potential, whereby a binary digital signal can be set.
Although V., and V; are preferably constant values, V, and
V, may take a wide range of values, in consideration of
influence of noise.

Note that here, terms with ordinal numbers, such as “first”
and “second”, are used 1n order to avoid confusion among
components, and the terms do not limit the components
numerically.

Thus, a memory circuit can be manufactured using the
thin film transistor described in Embodiment 1 and the
capacitor described in Embodiment 2.

A refresh timing of the memory circuit 1s determined to a
certain time interval i the design phase, based on the
leakage current of the memory elements 1100 which 1s
evaluated in advance. That 1s, the refresh timing 1s set 1n
consideration of the temperature dependence of leakage
current and fluctuation of the manufacturing process, after
the chip 1s completed.

In the thin film transistors described in Embodiment 1 or
Embodiment 2, an oxide semiconductor layer with suih-
ciently reduced hydrogen concentration is used, whereby the
ofl-current of the thin film transistors can be made extremely
small. Further, since temperature characteristics of the ofl-
current hardly change within the temperature of from —30°
C. to 120° C., the extremely small value can be kept.

Therefore, when the thin film transistors described 1n
Embodiment 1 or Embodiment 2 are used, refresh interval
can be set long compared to a transistor using silicon, and
power consumption 1n a standby period can be reduced.

In addition, since the off-current has little temperature
dependence, the memory circuit in this embodiment 1is
suitable for an n-vehicle electronic device. Since leakage
current in a standby period 1s extremely small, when used for
clectric vehicles, traveling distance per a certain amount of
charging hardly changes even when the standby period 1s
long.

The thin film transistors described in Embodiment 1 or
Embodiment 2 each use an oxide semiconductor which 1s
intrinsic or substantially intrinsic, 1n which impurities which
may become carrier donors (donors or acceptors) are
reduced to an extremely small number.

FIG. 12 1llustrates a band structure between the source
and the drain of the thin film transistor described 1n Embodi-
ment 1 or Embodiment 2. Fermi level of the highly purified
oxide semiconductor i1s positioned in the center of the
forbidden band 1n an 1deal state. In an oxide semiconductor
with sufliciently reduced hydrogen concentration, the num-
ber of minority carriers (holes in this case) i1s zero or
extremely close to zero.

When work function 1s ¢m and electron aflinity of the
oxide semiconductor 1s %, 1n the case where work function
¢m 1s smaller than the electron athnity v, ochmic contact 1s
formed with electrons.

Here, when ¢m=y, Fermi level of an electrode metal and
the level of the end of the conduction band of the oxide
semiconductor correspond to each other at the bonding
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surface. When 1t 1s assumed that the band gap 1s 3.05 €V, the
clectronic athnity 1s 4.3 eV, the state 1s an 1ntrinsic state (the
carrier concentration is approximately 1x10~’/cm’), and
titanium (11) whose work function 1s 4.3 €V 1s used as the
source electrode and the drain electrode, barrier 1s not
formed against electrons, as illustrated 1in FIG. 12.

A schematic view of the energy band structure 1s 1llus-
trated 1n FIG. 13. In a state where positive voltage (V ,>0)
1s applied to the drain, the dashed line illustrates a case
where a voltage 1s not applied to a gate (V z=0), and the solid
line 1illustrates a case where positive voltage (V;>0) 1s
applied to the gate. In the case where a voltage 1s not applied
to the gate, carriers (electrons) are not injected from the
clectrode to the oxide semiconductor side because of high
potential barrier, and an off state where no current flows 1s
shown. On the other hand, when positive voltage 1s applied
to the gate, potential barrier i1s reduced, and an on state
where current flows 1s shown.

Here, height of the barrier has influence on carrier mobil-
ity. When the drain voltage 1s increased, the height of the
barrier (h,) becomes smaller and mobility increases. If the
work function ¢m of the source electrode 1s approximately
the same as the electron athinity of the oxide semiconductor,
h, becomes further smaller, and higher mobility can be
expected. Note that 1t 1s necessary that such an electrode
material and the oxide semiconductor do not come 1nto
contact with each other to form an insulator.

In such a case, 1n a bottom-gate (inverted stagger) tran-
sistor, the barrier between the source and the drain becomes
small, and a parasitic channel 1s more likely to be formed.
Therefore, a top-gate transistor 1s preferably used 1n the case
ol 1ncreasing mobility.

FIG. 14A 1s an energy band diagram of a MOS structure
when the gate voltage 1s set positive, which 1llustrates the
case ol a transistor using an oxide semiconductor. In this
case, thermally excited carriers hardly exist in a highly
purified oxide semiconductor, and carriers are not accumu-
lated 1n the vicinity of the gate insulating film even when
positive gate voltage 1s applied. However, carriers mjected
from the source side can be propagated as illustrated 1n FIG.
13.

FIG. 14B 1s an energy band diagram of a MOS structure
when the gate voltage 1s set negative, which illustrates the
case ol a transistor using an oxide semiconductor. Since the
oxide semiconductor has almost no minority carriers (holes),
carriers are not accumulated 1n the vicinity of the gate
insulating film. This means that the ofl-current 1s small.

Note that a band diagram of a transistor 1n the case of
using a silicon semiconductor 1s illustrated 1n FIG. 15. The
intrinsic carrier density of the silicon semiconductor 1is
approximately 1.45x10'%/cm” (300 K), and carriers exist
even at room temperature. In practical use, a silicon water to
which an impurity element such as phosphorus or boron 1s
added 1s used; therefore, the silicon semiconductor actually
has 1x10™*/cm” or more carriers which contribute to con-
duction between the source and the drain. Further, since the
band gap of the silicon semiconductor 1s 1.12 eV, the
ofl-current of a transistor using a silicon semiconductor
greatly fluctuates depending on temperature.

As described above, carriers which are thermally excited
at a practical operation temperature can be eliminated so that
a transistor can operate only by the carriers injected from the
source side; not by simply using an oxide semiconductor
with a wide band gap for the transistor, but by reducing
impurities such as hydrogen which form donors as much as
possible so that the carrier concentration 1s lower than or
equal to 1x10'*cm’, preferably lower than or equal to
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1x10"*/cm’. Accordingly, the off-current is decreased to be
less than 1x107'° A and a transistor with extremely stable
operation, whose ofl-current hardly changes depending on
temperature, can be obtained.

Embodiment 7

In this embodiment, an example of a shift register which
can be formed using the thin film transistors in Embodiment
1 or Embodiment 2 1s described.

FIG. 16 A 1s an equivalent circuit diagram illustrating an
example of a shift register. The shift register illustrated 1n
FIG. 16A includes two clock signal lines and two stages of
tlip-flops each of which 1s electrically connected to either of
these clock signal lines. Note that a clock signal line may be
turther provided, and a larger number of stages of flip-tlops
may be provided.

In the two clock signal lines, each clock signal 1s input as

tollows: when one clock signal line 1s switched to high level
(V ), the other 1s switched to low level (V).
In the shift register illustrated in FIG. 16 A, an example of
a shuft register 1s illustrated, which includes flip-flops which
are 1n order from a flip-flop 1n a first stage which 1s
clectrically connected to a first clock signal line CLK and a
tlip-flop 1n a second stage which 1s electrically connected to
the second clock signal line CLKB, to a flip-tlop in an
(n—1)th stage and a flip-flop 1n an (n)th stage. However, the
present invention 1s not limited thereto, and the shiit register
having at least a first flip-flop and a second flip-flop 1s
acceptable.

The clock signal line CLK 1s a wiring to which a clock
signal CK 1s mput.

A clock signal line CLKB 1s a wiring to which a clock
signal CKB 1s iput.

The clock signal CK and the clock signal CKB can be
generated using a NO'T circuit (inverter circuit) for example.

A start signal SP and a start signal SPB are input to the
first flip-tlop, a clock signal CK 1s mput thereto as a clock
signal, and the first flip-flop outputs an output signal OUT
depending on the state of the signal SP, the signal SPB, and
the clock signal CK, which are input. Note that in this
specification, the state of a signal refers to a potential, a
current, or a frequency of the signal, for example.

The start signal SP and the start signal SPB can be
generated using a NOT circuit (inverter circuit) for example.

Note that as a signal here, an analog signal or a digital
signal which uses voltage, current, resistance, frequency, or
the like can be used, for example. For example, at least two
potentials, that 1s, a first potential and a second potential are
set, using a high-level (also referred to as high potential or
V., potential as the first potential and a low-level (also
referred to as low potential or V) potential as the second
potential, whereby a bimnary digital signal can be set.
Although 1t 1s preferable that V,, and V; be a constant value,
V,,and V, may take a wide range of values, 1n consideration
ol 1nfluence of noise.

Note that here, terms with ordinal numbers, such as “first”
and “second”, are used 1n order to avoid confusion among
components, and the terms do not limit the components
numerically.

The second flip-flop has the following function: the output
signal OUT of the first flip-tlop 1s input as a start signal SP,
a clock signal CK2 is mput as the clock signal, and the
second flip-tlop outputs a signal FF2out as an output signal,
which 1s set depending on the state of the output signal
FF1lout and the clock signal CK2 which are mnput.
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A start signal SP and a start signal SPB are input to the
second tlip-tlop, a clock signal CK2 1s mput thereto as a
clock signal, and the second flip-tlop outputs an output
signal OUTB depending on the state of the signal SP, the
signal SPB, and the clock signal CK2, which are mnput.

FIG. 16B 1illustrates a specific structural example of the
first flip-tlop 1illustrated in FIG. 16A.

The start signal SP 1s mput to one of a source or a drain

of a first thin film transistor 1111 and one of a source or a
drain of a fourth thin film transistor 1114.

The start signal SPB 1s input to one of a source or a drain
of a second thin film transistor 1112 and one of a source or

a drain of a third thin film transistor 1113.

The clock signal CLK 1s 1mput to each gate of the first thin
film transistor 1111, the second thin film transistor 1112, the
third thin film transistor 1113, and the fourth thin film
transistor 1114.

The other of the source and the drain of the first thin film
transistor 1111 1s connected to a gate of a fifth thin film
transistor 1115 and one electrode of a first capacitor element
1119.

The other of the source and the drain of the second thin
f1lm transistor 1112 1s connected to a gate of a sixth thin film
transistor 1116 and one electrode of a second capacitor
clement 1120.

The other of the source and the drain of the third thin film
transistor 1113 1s connected to a gate of a seventh thin film
transistor 1117 and one electrode of a third capacitor element
1121.

The other of the source and the drain of the fourth thin
f1lm transistor 1114 1s connected to a gate of an eighth thin
film transistor 1118 and one electrode of a fourth capacitor
clement 1122.

A drain of the fifth thin film transistor 1115 1s connected
to a high potential side (preferably, a power supply potential
Vdd). A source of the fifth thin film transistor 1115 1s
connected to the other electrode of the first capacitor ele-
ment 1119 and a drain of the sixth thin film transistor 1116,
and outputs an output signal OUT. The other electrode of the
second capacitor element 1120 and a source of the sixth thin
film transistor 1116 are connected to a low potential side
(preferably, a reference potential Vss).

A drain of the seventh thin film transistor 1117 1s con-
nected to a high potential side (preferably, a power supply
potential Vdd). A source of the seventh thin film transistor
1117 1s connected to the other electrode of the third capacitor
clement 1121 and a drain of the eighth thin film transistor
1118, and outputs an output signal OUTB. The other elec-
trode of the fourth capacitor element 1122 and a source of
the eighth thin film transistor 1118 are connected to a low
potential side (preterably, a reference potential Vss).

The first capacitor element 1119, the second capacitor
clement 1120, the third capacitor element 1121, and the
fourth capacitor element 1122 can be formed over the same
substrate as the thin film transistor, using the capacitor
described 1n Embodiment 2.

As described above, a thp-flop circuit can be manufac-
tured using the thin film transistor which uses a highly
purified oxide semiconductor layer as described in Embodi-
ment 1 or Embodiment 2 and the capacitor described in
Embodiment 2.

Embodiment &

In this embodiment, an example of a boosting circuit (a
charge pump circuit) which can be formed using the thin
film transistor 1n Embodiment 1 or Embodiment 2 1is

described.




US 11,837,461 B2

31

FIG. 17 illustrates a specific structural example of a
boosting circuit. The boosting circuit illustrated 1n FIG. 17

includes two clock signal lines, a plurality of transistors
1123 that are diode-connected 1n a forward direction, a
plurality of capacitor elements 1124 whose one electrode 1s
connected between a source and a drain of the plurality of
transistors, and a storage capacitor element whose one
clectrode 1s connected to the last of the plurality of transis-
tors and the other electrode 1s kept at a constant potential.
The other electrode of the plurality of capacitor elements 1s
clectrically connected to either of the two clock signal lines.

Note that a clock signal line may be further provided.

A ftransistor and a capacitor element may be further
provided in accordance with the potential desired to be
output.

In the two clock signal lines, each clock signal 1s mnput as
tollows: when one clock signal line 1s switched to high level

(V.), the other 1s switched to low level (V).
Each of the clock signal CLK and the clock signal CLKB

can be generated using a NOT circuit (inverter circuit) for
example. A NOT circuit can be manufactured using the
EDMOS circuit described in Embodiment 2.

By using the boosting circuit illustrated n FIG. 17, a
potential input from Vin can be raised to Vout. For example,
when a power supply potential Vdd 1s mput from Vin, a
potential higher than Vdd can be output from Vout and raised
to a desired potential. Thus, a signal with a potential raised
to a desired potential 1s mput to a power supply line for
example, and 1s used for each circuit mounted on the same
substrate as the boosting circuit.

Note that here, a constant potential kept at the other
clectrode of the storage capacitor element may be a power
supply potential Vdd or a reference potential Vss for
example.

As a signal here, an analog signal or a digital signal which
uses voltage, current, resistance, frequency, or the like can
be used, for example. For example, at least two potentials,
that 1s, a first potential and a second potential are set, a
high-level (also reterred to as high potential or V ,,) potential
1s used as the first potential, and a low-level (also referred to
as low potential or V) potential 1s used as the second
potential, whereby a binary digital signal can be set.
Although 1t 1s preferable that V., and V; be a constant value,
V.,and V,; can take a wide range of values, 1n consideration
ol influence of noise.

Note that here, terms with ordinal numbers, such as “first”
and “second”, are used 1n order to avoid confusion among
components, and the terms do not limit the components
numerically.

As described above, a boosting circuit can be manufac-
tured using the thin film transistor described in Embodiment
1 and the capacitor described 1n Embodiment 2.

Embodiment 9

In this embodiment, examples of an electronic device
mounted with a semiconductor integrated circuit which can
be obtained in any of Embodiments 1 to 8 are described with
reference to FIGS. 18A to 18E. By using the method
described 1n Embodiment 4, that 1s, a method of transferring
a semiconductor integrated circuit from a formation sub-
strate to another substrate, a semiconductor integrated cir-
cuit can be mounted on a plastic film or the like, so that
clectronic devices which are thinned or made tlexible can be
manufactured. Note that a semiconductor integrated circuit
1s mounted on a circuit board or the like and then incorpo-
rated inside the main body of electronic devices.

5

10

15

20

25

30

35

40

45

50

55

60

65

32

On a mother board, a semiconductor integrated circuit
including the thin film transistor in Embodiment 1 or
Embodiment 2 1s mounted. A semiconductor integrated
circuit 1s manufactured by mounting a logic circuit, a flash
memory circuit, an SRAM circuit, a DRAM circuit
described in Embodiment 6, and the like. Further, the CPU
described 1n Embodiment 3 can be mounted as well. Note
that the semiconductor integrated circuit can be mounted by
a wire bonding method. In this case, itegrated circuit films
having various shapes can be mounted.

In addition, an FPC 1s attached to the circuit board,
through which display devices or the like 1s connected
thereto. The circuit board can form a driver and a controller
of a display portion. The driver in the display portion
includes the shift register described 1n Embodiment 7 or the
EDMOS circuit described in Embodiment 2.

FIG. 18A 1illustrates a laptop personal computer manu-
factured by mounting at least a semiconductor integrated
circuit as a component, which includes a main body 3001, a
housing 3002, a display portion 3003, a keyboard 3004, and
the like. The laptop personal computer includes the CPU
described in Embodiment 3, the DRAM circuit described in
Embodiment 6, or the like.

FIG. 18B 1s a portable information terminal (PDA) manu-
factured by mounting at least a semiconductor integrated
circuit as a component, which includes a display portion
3023, an external interface 3025, an operation button 3024,
and the like 1n a main body 3021. A stylus 3022 1s included
as an accessory for operation.

FIG. 18C 1s an electronic paper manufactured by mount-
ing at least a semiconductor integrated circuit as a compo-
nent. An electronic paper can be used for electronic appli-
ances of a variety of fields as long as they can display data.
For example, an electronic paper can be applied to an e-book
reader (electronic book), a poster, an advertisement 1n a
vehicle such as a train, displays of various cards such as a
credit card, or the like. FIG. 18C 1llustrates an example of an
clectronic book reader. For example, the e-book reader 2700
includes two housings: a housing 2701 and a housing 2703.
The housing 2701 and the housing 2703 are combined with
a hinge 2711 so that the e-book reader 2700 can be opened

and closed with the hinge 2711 as an axis. With such a
structure, the e-book reader 2700 can operate like a paper
book.

A display portion 2705 and a display portion 2707 are
incorporated 1n the housing 2701 and the housing 2703,
respectively. The display portion 2705 and the display
portion 2707 may display one image or diflerent images. In
the case where the display portion 27035 and the display
portion 2707 display different images, for example, a display
portion on the right (the display portion 27035 1n FIG. 18C)
can display text and a display portion on the left (the display
portion 2707 i FIG. 18C) can display graphics.

FIG. 18C illustrates an example in which the housing
2701 1s provided with an operation portion and the like. For
example, the housing 2701 1s provided with a power switch
2721, an operation key 2723, a speaker 2725, and the like.
With the operation key 2723, pages can be turned. Note that
a keyboard, a poimnting device, or the like may also be
provided on the surface of the housing, on which the display
portion 1s provided. Furthermore, an external connection
terminal (an earphone terminal, a USB terminal, a terminal
that can be connected to various cables such as an AC
adapter and a USB cable, or the like), a recording medium
isertion portion, and the like may be provided on the back
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surface or the side surface of the housing. Moreover, the
¢-book reader 2700 may have a function of an electronic
dictionary.

The e-book reader 2700 may have a configuration capable
of wirelessly transmitting and receiving data. Through wire-
less communication, desired book data or the like can be
purchased and downloaded from an electronic book server.

FIG. 18D 1s a cellular phone manufactured by mounting
at least a semiconductor integrated circuit as a component,
which includes two housings: a housing 2800 and a housing
2801. The housing 2801 includes a display panel 2802, a
speaker 2803, a microphone 2804, a pointing device 2806,
a camera lens 2807, an external connection terminal 2808,
and the like. The housing 2800 1ncludes a solar battery cell
2810 for charging of the portable information terminal, an
external memory slot 2811, and the like. Further, an antenna
1s incorporated 1n the housing 2801.

The display panel 2802 1s provided with a touch panel. A
plurality of operation keys 2805 which 1s displayed as
images 1s 1llustrated by dashed lines in FIG. 18D. Note that
the display panel 2802 1s mounted with a booster circuit (the
booster circuit described 1n Embodiment 8) for raising a
voltage output from the solar battery cell 2810 to a voltage
needed for each circuit.

Further, 1n addition to the above structure, a contactless IC
chip, a small memory device, or the like described 1n
Embodiment 4 or Embodiment 5 may be incorporated.

In the display panel 2802, the display direction can be
appropriately changed depending on a usage pattern. Fur-
ther, the display device 1s provided with the camera lens
2807 on the same surface as the display panel 2802, and thus
it can be used as a video phone. The speaker 2803 and the
microphone 2804 can be used for videophone calls, record-
ing and playing sound, and the like as well as voice calls.
Moreover, the housings 2800 and 2801 1n a state where they
are developed as 1llustrated 1n FIG. 18D can shift by sliding
so that one 1s lapped over the other; therefore, the size of the
cellular phone can be reduced, which makes the cellular
phone suitable for being carried.

The external connection terminal 2808 can be connected
to an AC adaptor and a variety of cables such as a USB
cable, whereby charging and data communication with a
personal computer or the like are possible. Furthermore, a
large amount of data can be stored and moved by 1nserting
a recording medium 1nto the external memory slot 2811.

Further, in addition to the above functions, an infrared
communication function, a television reception function, or
the like may be provided.

FIG. 18E 1s a digital camera manufactured by mounting
at least a semiconductor integrated circuit as a component,
which includes a main body 3051, a display portion (A)
3057, an eyepiece 3053, operation switches 3034, a display
portion (B) 3055, a battery 3056, and the like.

This embodiment can be freely combined with any one of
Embodiments 1 to 8.

This application 1s based on Japanese Patent Application
serial no. 2009-238885 filed with Japan Patent Oflice on Oct.
16, 2009, the entire contents of which are hereby incorpo-
rated by reference.

The invention claimed 1s:

1. A semiconductor device comprising;:

a first transistor over a glass substrate, the {irst transistor
comprising a first oxide semiconductor layer where a
channel formation region 1s provided,

a second transistor over the glass substrate, the second
transistor comprising a second oxide semiconductor
layer where a channel formation region 1s provided,
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wherein each of the first oxide semiconductor layer and
the second oxide semiconductor layer comprises
indium and zinc,

wherein a conductive layer 1s provided between the
substrate and the first oxide semiconductor layer,

wherein a first msulating layer 1s provided between the
conductive layer and the first oxide semiconductor
layer,

wherein each of the first oxide semiconductor layer and
the second oxide semiconductor layer are over and in
direct contact with the first insulating layer,

wherein a channel length of the first transistor 1s longer
than a channel length of the second transistor,

wherein no conductive layer 1s provided between the
substrate and the second oxide semiconductor layer,
and

wherein a size of crystal grains 1n each of the first oxide
semiconductor layer and the second oxide semiconduc-
tor layer 1s greater than or equal to 1 nm and smaller
than or equal to 20 nm.

2. The semiconductor device according to claim 1,
wherein a hydrogen concentration in each of the first oxide
semiconductor layer and the second oxide semiconductor
layer is lower than or equal to 5x10""/cm”.

3. The semiconductor device according to claim 1,
wherein an off-current of each of the first transistor and the
second transistor is less than or equal to 1x10™" A.

4. A semiconductor device comprising:

a first transistor over a glass substrate, the first transistor
comprising a first oxide semiconductor layer where a
channel formation region 1s provided,

a second transistor over the glass substrate, the second
transistor comprising a second oxide semiconductor
layer where a channel formation region is provided,

wherein the first transistor comprises a first conductive
layer and a second conductive layer,

wherein each of the first conductive layer and a second
conductive layer are over the first oxide semiconductor
layer,

wherein the second transistor comprises a third conduc-
tive layer and a fourth conductive layer,

wherein each of the third conductive layer and the fourth
conductive layer are over the second oxide semicon-
ductor layer,

wherein each of the first oxide semiconductor layer and
the second oxide semiconductor layer comprises
indium and zinc,
wherein a conductive layer 1s provided between the
substrate and the first oxide semiconductor layer,

wherein a first msulating layer 1s provided between the
conductive layer and the first oxide semiconductor
layer,

wherein each of the first oxide semiconductor layer and

the second oxide semiconductor layer are over and 1n
direct contact with the first insulating layer,
wherein a channel length of the first transistor 1s longer
than a channel length of the second transistor, and

wherein a size of crystal grains 1n each of the first oxide
semiconductor layer and the second oxide semiconduc-
tor layer 1s greater than or equal to 1 nm and smaller
than or equal to 20 nm.

5. The semiconductor device according to claim 4,
wherein a hydrogen concentration in each of the first oxide
semiconductor layer and the second oxide semiconductor
layer is lower than or equal to 5x10""/cm”.
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6. The semiconductor device according to claim 4,
wherein an off-current of each of the first transistor and the

second transistor is less than or equal to 1x10™" A.
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